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ABSTRACT 

Ring-necked pheasants were immunized with tlymphocytes 
from the thymus and bursa of Fabricius of B?/B? chickens. 
Pheasant anti-chicken thymus serum (PATS) promoted jn vitro 
adherence of thymus cells and pheasant anti-chicken bursa 
serum (PABS) promoted the adherence of bursa cells. These 
reactions were observed for other lymphoid populations in 
tne blood and spleen but to a lesser extente Each antiserum 
was able to discriminate between a thymus-related antigen 
and a bursa-related antigene This reaction was complete 
after 60 minutes of incubation with PATS and after 120 
minutes of incubatioa with PABS. The rate of the reaction 
was not altered by a slight change in antiserum concentra- 
tion or changes in temperature of incubation (22° C to 389 
Che Incubation of peripherai blood lymphocytes (PBLs) with 
PATS reduced the level of the grafit-versus-host (GvH) 
immunocompetence of these cells in the chorioalilantoic pock 
assay, a thymus cell functicone This result however was not 
easily reproducede Incubation of PBLS with PABS did not 
alter the GvH immunocompetencee PBLs incubated with either 
PATS or PABS reduced their ability to evoke the GvH spleno- 
megaly reactione The GvH reducing effect was absorbed with 
cells derived from the thymus and bursa but not with ery- 
throcytese The ability of these antisera to inhibit the GvH 
reactivity of lymphocytes has been utilized as a method for 


the identificaticn of a chicken tymphocyte antigen marker. 
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This assay system has provided the framework for defining a 
new T-cell lymphocyte alloantigen systeme 

Two inbred tines of chickens (L6 and L7) homozygous at 
the B locus were immunized with each others blood celise 
Anti-L6 antiserum (A6) prepared in L7 recipients limited the 
GvH splenomegaly evoked by L6 PBLs and anti-L7 antiserum 
(A7) prepared in L6 recipients Limited the GvH spleen weight 
evoked by L7 PBLse Both antisera were able to Limit the GvH 
splenomegaly evoked by Fl PBLse These results can be ex- 
plained by postulating the existence of a new lymphocyte 
antigen LlLocuSe As a test of this possibility L6 individuals 
were assumed to be homozygous for one atilele and LJ homo- 
zygous for the othere Predetermined Limits were set to 
distinguish these antigen types in 101 F2*s. The PBLs of 22 
F2's were classified as Lé-type, 52 as Fi-type, and 27 as 
L7-typee A probability graph confirmed the division of the 
F2's into 3 populationse Since the Limiting effect of these 
antisera was not absorbed by erythrocytes or lymphocytes 
derived from the bursa, tne antigen agpears to be distinct 
from the A, By Cy and Bu-i systemse Tests with selected F2 
chickens indicated that this antigen system is not identical 
to Th-1 or the B antigen systems. This antigen system is 
therefore designated Ly-4 and its alieles are Ly-42 for L6 
and Ly-42 for L7.e Preliminary studies in tests of F3 
progeny indicate a possible association between donors of 
the L6é-type and resistance to MD, and of donors of the L7- 


type and susceptibility to MD. 
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Lymphocytes have been characterized according to 
morphological, physical, chemical, antigenic, and functional 
criteriae Each of these criteria attest to the basic fact 
that Lymphocytes are a heterogeneous class of cells compris- 
ing the essential components of the immune systeme One of 
these criteria, tne functional capacity of lymphocytes in 
the generation of immunological responsiveness provides a 
reference point for judging the scientific value of the 
other four criteriae In this context then, the work 
presented in this thesis focuses upon establishing new 
antigenic criteria which may be used to identify different 
classes of lymphocytes in the chickene 

The immune system of the chicken as wetl as that of 
mammals is comprised of two functionally distinct lymphoid 
cell populationse In the Late 1950's, and early 1960's, the 
importance of the role of chicken thymus-derived lymphocytes 
(Th celts) in the development of cell-mediated immunity 
(defined by skin homograft and graft-versus-host reactions ) 
and of chicken bursa-derived lymphocytes (Bu cetts) in the 
development of antibody-mediated immunity (defined by 
antibody production after inoculation with bacterial and 
protein antigens) was established using the techniques of 
neonatal thymectomy or bursectomy to eliminate the source of 
Lymphoid cells arising from these organs (Aspinall and Meyer 


19643; Cooper et ale, 1966; Glick 1964; Mueller et ale, 
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1964; Warner and Szenberg 1964). In the mouse, the 
functional dissociation of immunological responsiveness for 
cell-mediated immunity was established using the technique 
of neonatal thymectomy to selectively deplete the immune 
system of thymus-derived lymphocytes (T celis) (Dalmasso et 
ale, 1964; Miller 1964) and for antibody-mediated immunity 
using the adoptive transter system to define the importance 
of bone marrow-derived lymphocytes (B cells) in the 
generation of antibody forming cells (Claman et ale, 19663 
Mitler and Mitchell 1968). Birds are different from mammals 
in the sense that the functional development of 
immunological responsiveness is associated with the 
development of lymphocytes in two separate lymphoepithelial 
organs, the thymus and bursa of Fabriciuse 

In more recent years, the identification of antigenic 
cell markers of lymphoid ceitts which represent products of 
gene expression has been one of the primary tools used to 
establish the cellular and functional heterogeneity of T or 
B Lymphoid cell populationse Thus far, the most well char- 
acterized system of antigenic cell markers for lymphocytes 
has been established in the mousee In mice a total of 
eleven lymphocyte antigen cell markers have been described 
excluding those mapping within the major histocompaibility 
complex (H-2).e These are: 1) the thymus leukemic antigen 
(TL), 2) the theta antigen (Thy-1), 3 through 7) the 
lymphocyte specific antigens (Ly-1, 2, 3, 4: 5S; 8) the mouse 


specific Lymphocyte antigen (MSLA), 9) the plasma celt 
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antigen (PC), 10) the mouse specific B cell antigen (MBLA), 
and 11) the immunoglobulin determinant antigen (ID). ALL 
eleven antigens were detected on Lymphocytes using the 
complement—dependent cytotoxicity assaye The antigen 
markers defined with altoantisera (antisera raised against 
cells from within the same species) are strain specific 
(TL, Thy-1, Ly, PC) while those defined with heteroantisera 
(antisera raised against cells frem other animal species) 
are species specifice 

The TL antigen is expressed on lymphocytes of the 
thymus of TLt mice strains and leukemic cells residing 
outside the thymus of both TLt and TL mice (Old) U et ale, 
19633; Boyse et ale, 13653 1969). The significance of this 
marker resides in the fact that in TLt strains, T cells of 
the peripherat lymphoid system do not express the TL antigen 
and it has been suggested therefore that either the 5% TL 
Lymphocytes in the thymus give rise to peripheral T cells, 
or that the TLt Lymphocytes undergo a process of different- 
iation and in that process become TL prior to entering the 
peripheral lymphoid system (reviewed in Schlesinger 1972). 
Anti-TL serum is produced by immunization of TL mice with 
TL+ thymus cells. The antiserum's activity is measured in 
the cytotoxicity assay using guinea pig serum as a source of 
complement. The Tla locus appears to perform the function 
ef a regulator gene coding for the expression or absence of 
expression of the TL phenotypes while another locus or loci 


(possibly one of the Ly loci, Komuro et ale, 1975) operates 
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as structural genes coding for the Tl phenotypes. The TLa 
locus is Linked with the H-2 Locus on chromosome 17. 

The theta, Ly-1, 2, 3, and 5 antigens are expressed on 
thymus and peripheral T cellse Evidence supporting the 
conclusion that these antigens are markers for T cells come 
from experiments which demonstrate in vitro the absence or 
disappearance of these cells from the peripheral lymphoid 
system after neonatal thymectomy, adult thymectomy and in 
congenitatily athymic, nude mice (Raff 19693 Raff and Wortis 
19703 Schlesinger and Yron 1970; Raff 1971). Anti-theta 
serum is raised by immunizations of AKR mice with C3H mouse 
thymus cells and vice versa (Reif and Alten 1963; 1964; 
Aoki et ale, 19693 Raff 1971). The antiserum activity is 
measured in the cytotoxicity assay using guinea pig serum as 
a source of complement. The theta antigen is atso expressed 
on some non-lymphoid cells of the central nervous systeme 
The specificity of this antiserum is altered in the 
cytotoxic reaction with Lymphocytes if rabbit serum is 
substituted for guinea pig serum as a source of complement. 
In this situation the antisera witl define antigen markers 
common to both T and B lymphocytes (Greaves and Raff 1970). 
The Thy-1i tocus, controlling the expression of the theta 
antigen, has been mapped on chromosome 9 (Itakura et ale, 
1971) and the two alteles associated with this Locus account 
for the only known types of theta antigen markers identified 
in Laboratory strains of micee 


The Ly-1, 2, and 3 antigen markers are believed to 
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identify subpopulations of theta-bearing lymphocytes in the 
peripheral lymphoid organs (Cantor and Boyse 1975a)- In 
addition to serological evidence which supports this con- 
clusion, the use of these sera to selectively kill Ly-i or 
Ly-2, 3 antigen bearing peripheral T cells (Cantor and Boyse 
1975a;3 1975b) has resulted in the findings that Lymphocytes 
expressing the Ly~-1 alloantigen marker appear to be involved 
in the generation of helper cell activity, the amplification 
of kilier cell activity directed against major nistocompat-— 
ibility ditferences, and in the proliferative response 
measured in the mixed lymphocyte culture (MLC) response when 
there is an I region incompatibility. On the other hand, 
those lymphocytes expressing Ly-2, 3 alloantigen markers 
appear to play a rote in tne generation of kitler cells and 
in the protiferative response measured in the MLC response 
against H-2K and H-2D incompatibility. Anti-Ly-1i-i and 
anti-Ly-2e2 sera are prepared in congenic lines of mice 
ditfering at the Ly tocus using thymus cells (Shen et aley 
1975). Anti-Ly-1.2, 201, 3-1 and 3.2 sera are prepared in 
noncongenic mice using thymus cells (Boyse et ale, 1968; 
1971; Shen et ale, 1975). The antiserum's activity is 
measured in the cytotoxicity assay using rabbit serum as a 
source of complement. The Ly-i locus has been mapped on 
chromosome 19 and the Ly-2, 3 Loci are tightly linked on 
chromosome 6 (itakura et ale, 1971; 1972). 

The Ly-5 antigen marker was recently identied by Komuro 


et ale, 1975. Anti-Ly-5 serum is prepared between mouse 
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strains compatible for H-2 antigens by immunizing with lymph 
node or spleen cellse Two alleles have been identified at 
the Ly-5 locus which segregates independently from the other 
lymphocyte alloantigen loci described abovee Finally, the 
seventh antigen marker (MSLA) identified on T cells of the 
thymus, peripheral T ceils, and on some leukemic cells was 
described by Shigeno et ate, 1968. Anti-MSLA serum is 
prepared by immunizations of rabbits, guinea pigs, or rats 
with mouse thymus celise The antiserum's activity is 
detined in the cytotoxicity assay using guinea pig serum as 
a source ot complement. The MSLA marker for T cells is 
species specific and therefore found on T cells of all mouse 
strainse 

B cett markers in the mouse are identified in terms of: 
1) the antitinetical relationship that exists in the dis- 
tribution of T and B antigens on a lymphocyte, iee the 
expression of T or B antigen on a lymphocyte appears to be 
mutually exclusive; 2) the retention or quantitative 
increase in the number of lymphocytes that express the B 
cell antigen marker in neonatally thymectomized mice or 
athymic, nude mice; and 3) the ability of anti-B serum to 
suppress B cell mediated immune responsivenesse The Ly-4, 
MBLA, and ID antigen markers are represented on B celts, B- 
derived cells, antibody producing cells, and on tumor celts 
of the plasma cell typee Anti-Ly-4 serum is produced by 
immunization with lymph node or spleen cells between mice 


strains which are Ly-4.2+ and Ly-4-2 (Snell et ale, 19733 
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Aoki et ale, 1974; McKenzie 19753 McKenzie and Snelt 
1975). The cytotoxic activity of anti-Ly-4 serum is 
obtained in the presence of rabbit complement. Thus far, 
the Ly-4 antigen marker is the only alloantigenic B cell 
system that has been described. The MBLA antigen is 
identified with heteroantisera raised in rabbits and 
produced against lymph node cells obtained from thymectomiz— 
ed mice (Raff 1971)-e The cytotoxic reactivity of this 
antiserum requires the addition of guinea pig complement. 
Anti-iD serum is produced by immunizing rabbits with mouse 
kappa light chain immunoglobulin, with mouse immunoglobulin 
obtained from serum or from experimentally induced myelomas, 
plasma celi tumors (Raff et ale, 1970; Takahashi et ales 
1971). The ID cell markers appear to represent a universal 
cell marker for B-cells in all avian and mammalian systemse 
Finally, the PC antigen marker represents a unique B cell 
antigen marker because it is only expressed on antibody 
producing celts and plasma celis of myelomas (Takahashi et 
ale, 1970; 1971). Anti-PC serum is raised in rabbits using 
purified myeloma or urinary protein and the cytotoxic 
activity of the serum is obtained in the presence of guinea 
pig complement. 

Antigenic analysis of celis in the lymphoid tissue have 
revealed the following T and B cell organ distributions in 
the mouse: 1) The thymus is comprised of 95 to 100% T cells 
and 0 to 5% B cells; 2) the bone marrow is comprised of 0% 


T cells and 39% B cells; 3) the thoracic duct Lymphoid 
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population is comprised of 80 to 90% T cells and 14% B 
celis; 4) the peripheral blood population is comprised of 
71% T cell and 33% B celis; 5) the lymph node population is 
comprised of 60 to 85% T celis and 28% B cells; 6) the 
spleen is comprised of 25 to 40% T cells and 56% B cells; 
7) the peritoneal exudate Lymphocyte population is comprised 
of 25 to 50% T cells and 35% B cells; and 8) the lLympho- 
cytes of Peyer's patches are comprised of 20 to 40% T cells 
and 68% B ceils (Raff 1971; McKenzie 1975). 

Untit very recently only heteroantisera have been used 
to define Th and Bu cell antigen markers in the chickene 
The reasons for this are that the existence and availability 
of inbred chicken lines are quite Limited mainly due to 
severely reduced fertility and viability of these chicken 
lines (inbreeding depression). Th and Bu cell antigen 
markers have been identified on chicken Lymphocytes in the 
complement-dependent immune adherence assay (Forget et ale, 
1970) and cytotoxicity assay (McArthur et ate, 1971; 
Potworowski et ale, 1971; Ivanyi and Lydyard 1972; Wick et 
ale, 1973). Indirect immunofluorescence has also been used 
in conjuction with anti-Th and -Bu serum raised in rabbits 
and turkeys to identify these antigen markers on the surface 
of lymphoid cells (Potworowski et ale, 1972; Hudson and 
Roitt 19733 Wick et ale, 1973). Finally, anti-ID serum 
raised against chicken immunoglobulins in rabbits and 
turkeys define a second species specific antigen marker for 


Bu cells (Bankhurst et ale, 1971; Albini and Wick 1973). 
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Antigen analysis of cells in chicken Lymphoid tissue thus 
far have revealed the following Th and Bu cell distribu- 
tions: 1) The thymus is comprised of 90% Th cells and 10% Bu 
cells; 2) the bursa is comprised of 0 to 5% Th celis and 76 
to 96% Bu ceils; 3) the spleen is comprised of 56 to 58% Th 
cells and 38 to 41% Bu cells; and 4) the peripheral blood 
is comprised of 57 to 59% Th ceils and 23 to 41% Bu cells 
(Hudson and Roitt 1973; Wick et ale, 1975)- 

The objective of this study was to identify and define 
new chicken lymphoid antigen markers. The approach takes 
into consideration that: 1) during ontogeny Th- and Bu- 
derived ceil populations arise from cells developing in the 
thymus and bursa of Fabricius, respectively; 2) sensitive 
assay systems (the chorivsoallantoic membrane pock assay and 
splenomegaly assay) already exist for examining the rote of 
Lymphoid cells in the mediation of cellular immunity against 
transplantation antigens; and 3) heteroantisera produced in 
rabbits against Th or Bu cells do not provide an adequate 
tool for in vivo examination of the Th and Bu cell functions 
nor for the identification of Lymphoid alloantigen systemse 
The contents of chapter one examine the potential capacity 
of heteroantisera, raised in pheasants (a distant relative 
of the chicken) against chicken Th and Bu cells, to be used 
in the detection of Th and Bu cell antigen markers on 
chicken Lymphoid cells and their possible application toward 
the identification in vivo of the role of Th-derived cells 


in the generation of a graft-versus-host (GvH) response 
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against major transplantation antigens. During the course 
of this examination, the ability of the heteroantisera to 
inhibit the GvH reactivity of lymphocytes has been utilized 
as a tool for the identification of a chicken Lymphocyte 
antigen marker common to thymus, bursa, and peripheral blood 
lymphocytese This assay system has provided the basis for 
the identification of a new lymphocyte alloantigen system 


described in chapter two. 
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MATERIALS AND METHODS 


Ie Animats 

Ring-necked pheasants were obtained at 6 weeks of age 
from a tocal supplier. The pheasants were housed in in- 
dividual chicken cages and fed chick starter, grit, and 
water ad libitum. 5°/B? and B!*/B!* genotype White Leghorn 
chickens were used as donors in the GvH reactione The 
genetic stock was originally acquired from Hytine Internat-— 
ional, Johnston, LIowae WC ( B?/B? ) eggs obtained from 
Hyline internationai and outbred eggs obtained from the 
University of Alberta poultry farm, Edmonton, Alberta, were 
used as recipients in the GvH choriocallantoic membrane (CAM) 


pock assay and splenomegaly assaye 


ile Preperation of Cells 

A) Thymocytes: Six to 10 thymus Lobes from 2-4 week-old 
chicks were carefully excised from the right and left carot- 
ids so as not to contaminate the tissue with erythrocytese 
The tissue was placed in a test tube containing Dulbecco's 
phosphate buffered saline ( pH=7.4) and kept at 49 Ce. Ceil 
suspensions were prepared by gently teasing pieces of the 
thymus tissue, using a small sterile curved forceps, through 
a smali wire screen immersed in Eagtes minimal essential 
medium (MEM) with Hank's balanced salts supplemented with 1% 
normal or agamma chick serum (NS) (North American Bio- 


logical, Ince), 20 mM of Hepes buffer, 50 ug/mi of 
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penicillin-streptomycin, and 50 ug/ml of mycostatine This 
cell suspension was then passed through a 20 gauge needle 
and placed in 17x100 mam sterile plastic tubese Large clumps 
of cells were removed by a settling out process during a 
five minute incubation period at room temperature. The 
supernatant was discarded and the cells were washed two more 
times using the MEM's described above. The washed cells 
were stored at 4° Cc. 

B) Bursa: The bursa of Fabricius was excised carefully 
from 2-4 week-old chicks. Bursa cell suspensions were 
prepared in the manner described for thymus cells. 

C) Spleen cells: The spleen was removed aseptically 
from B*/B*® donors and pressed through a smail wire screen 
placed in the barrel of the syringe using the syringe 
plungere These cells were then prepared in the same manner 
as described for thymus cellse 

D) Peripheral blood lymphocytes (PBLs) and erythrocytes 
(RBCs): Four to 10 mls of heparinized (10 units/ml) 
peripheral blood were obtained from appropriate donors and 
centrifuged individually in 17x1600 mm plastic tubes at 600 
rpm (66 g) for 10 minutese Tne Lymphocyte rich plasma, 
bufty coat, and 2 to 4 mm of the upper RBC layer was 
coltectede Chicken RBCs were collected from the bottom 5 to 
10 mm of the same blood sample. The PBLs were then 
separated from the RBCs using a modification of the Boyum 
technique (Béyum 1968). Two mls of Seligmann's balanced 


salt solution containing 15 mM Hepes was used to dilute 2 
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mls of this PBL-RBC suspensione Four mls of the diluted 
cell suspension was then layered onto 3 mls of lymphoprep 
(Nyegaard and Co.) or Lymphocyte separating medium (Litton 
Bionetics, Ince) in 17x100 mm plastic tubes. The cells were 
then centrifuged at 1500 rpm (413 g) for 20 minutes and the 
PBLs were collected at the interface between the lLymphoprep 
and Seligmann's solution-chicken plasma mixturee For each 2 
mils of the PBL suspension 10 volumes of phosphate buffered 
saline were added, mixed thoroughly, and centrifuged at 1800 
rpm (595 g) for 10 minutese The supernatant was discarded 
and MEM with supplements was addede In this preparation as 
well as in the preparation of thymus and bursa cells, the 
lymphocyte concentration was enriched by twice incubating 
these cells in 60x15 mm petri plates at room temperature to 
remove contaminating granulocytes, thrombocytes, and mono- 
cytes (Wong et ale, 1972)- The PBis were usually prepared 
the day prior to embryo inoculation and stored overnight at 
4° Cc. The celti suspensions were counted with a Fisher auto- 
cytometer II cell counter or with a cell hemocytometer using 


a phase contrast microscopee 


Tit. Preparation of Pheasant Antithymus Serum (PATS) and 
Antibursa Serum (PABS) 

A) Antisera: B?/B2 thymus cells (2-4x108 cells) or 
bursa cells (1-2x108 cells) diluted in phosphate buffered 
saline were mixed with complete Freund's adjuvant (Microbio- 


logical Associates) in a 4:31 ratio of cell suspension to 
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Freund's. This mixture was injected intraperitoneally 
(iepe) into 2-3 month-old pheasants. Immunizations were 
&iven at bimonthly intervals for a period of 2 to 3 monthse 
Six days following the Last immunization, the pheasants were 
bled for plasma from the wing vein. After a resting period 
ot 2 to 3 weeks, these pheasants were immunized two to three 
more times and bled once againe The heparinized blood was 
centrifuged at 1500 rpm (413 g) to peliet the red and white 
cells and the plasma fraction was collected and stored in 2 
to 3 ml aliquots at a temperature of -909 C. 

B) Absorption of the antisera: A 2 to 3 ml aliquot of 
putative antiserum was thawed and heat-inactivated at 56° C 
for 30 minutese Each aliquot of antiserum was then diluted 
with an equal volume of phosphate buffered salinee Each 
antiserum was absorbed with 2-4x108 B?/B? RBCs for a period 
of 10 minutes at room temperaturee The RBCs were then 
removed by centrifugation and the procedure was repeated 
twice moree The absorptions with RBCs (which in the chicken 
carry histocompatibility antigens) is to remove erythrocyte 
heteroantibodies and anti-B2 antibodiese PATS were then 
absorbed twice using 0.8 mt of packed bursal cellse PASS 
were absorbed twice using 0-8 ml of packed thymus cells. 
These absorptions were carried out at 229 C for a pericd of 
45 minutes on a rotating shaker (150 rpm). To each 2 mt 
aliquot of antiserum 100 ug/ml of gentamycin ( Microbio- 
Logical Associates) was added and the antiserum was then 


stored at -90° C until further use. 
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IV. Assays for Antilymphocyte Activity 

A) Cytotoxicity assay: The cytotoxicity assays were 
performed in sterile 12x75 mm glass tubes containing O.1 mit 
of the appropriate ceils (at a concentration of 2x10® 
cells/ml) in MEM with supplements and 0.05 ml of fresh 
normal chicken serum (NCS) or fresh normal pheasant serum 
(NPS) as a source of complemente To each tube 0.15 mis of 
serialty diluted (with phosphate buffered saline) antiserum 
was added and incubated at 379 C for 1 hour. After this 
incubation period, Ge3 ml of 064% trypan blue dye sotution 
was added to each tube and the number of unstained, ie. 
viable, cells was counted in a hematocytometer. The percent 
cytotoxicity was calculated as: (number of viable cells 
counted after incubation with antiserum divided by the 
number of viable ceils counted after incubation with NCS or 
MEM with supplements )x100. 

B) Agglutination assay: The agglutination assays were 
performed in microtiter plates (Cooke Laboratory Preducts )- 
Serially diluted antiserum (0.2 ml) was added to 0.05 ml of 
the appropriate tymphocytes (107 cells/ml) or RBCs (2% v/v). 
The plates were then incubated at 379 C for a period of 75 
minutes and the titers were read microscopically in the 
lymphocyte agglutination assay and macroscopically for the 
erythrocyte agglutination assaye 

C) Lymphocyte adherence test: The lymphocyte adherence 
test was first described by Wong et ale, 1972, and Wong 


1974, as an in vitro typing assay used to identify major (B) 
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and minor (non-B) histocompatibility antigens on 
lymphocytese The test is done by mixing lymphocytes, fresh 
plasma, and atlioantibody in a small plastic tube and 
counting the number of Lymphocytes which remain in 
suspensione After 15 minutes the lymphocytes began to 
adhere to the surface of the tube and the reaction is 
completed in 2 hourse The attachment of Lymphocytes 
(referred to as allofixation) occurs under conditions which 
indicate that the antiserum detects lymphocyte antigense 

The percent lymphocyte adherence (LA) was calculated as: 
(number of cetls tost from the supernatant after incubation 
with antiserum divided by the initial cell counts at the 
beginning of the test)x100. This test was adopted as a 
method for identifying thymus (Th)-and bursa (Bu)-specific 
antigens on lymphocyte populations using the putative PATS 
or PABS as typing serume In each 12x75 mm glass culture 
tube 100ul of MEM with supplements (pH=8.3), 50 ul of the 
lymphocyte suspension (cell concentration 24x10° celis/ml), 
25 ul of NCS, and 25 ul of antiserum were added and 
duplicate tests were conducted for each groupe The LA test 
was also done in large plastic tubes (17x100 mm) containing 
a total of 1 mit (5 times the volume used in the small tubes) 
to facilitate using the treated cells in the PBL, GvH 
assaySse The cellular immunocompetence of PBLS was tested in 
the CAM pock assay as described in Longenecker et ale, 1970, 
using 12 day-old embryos instead of 11 day-old embryos. 


D) Splenomegaly inhibition assay: In 12x75 mm plastic 
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tubes 5-10x10° PBLs/ml from appropriate donors were in- 
cubated for a period of 30 minutes at 49 C or at 229 C with 
PATS, PABS, or NSe The GvH reactivity of the PBLs from the 
ditferent treatment groups was tested in the GvH spleno- 
megaly assay (Simensen 1962; Ruth et ale, 19653; Seto and 
Albright 1965). The serum-cell mixture from each group was 
inyected intravenously (ieve) into groups of 10 to 13, 12 
day-old chick embryos in a volume of 0.1 ml/embryoe Six 
days later, the embryonic spleens were removed, weighed to 
the nearest mg, and the spleen weights were transformed to 
logigo (Longenecker et ale, 1972). The logi9 spleen weights 
in the different treatment groups from each donor were 
compared using Duncan's new multiple range test (Sokal and 
Rohlf 1969). Other statistical tests used to analyze the 
data (regression analysis, analysis of variance) were as 
described in the texts of Steel and Torrie 1960, and Sokal 
and Rohlf 1969.- The specificity of the antisera was tested 
following the absorption of 1 mt of the prepared PATS or 
PABS with 10% Tn, Buy or RB cells/ml at room temperature for 


60 minutese 
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Ie Cytotoxic and Agglutinin Activity of PATS and PABS 

A 1:2 dilution of PATS or PASS was found to be 100% 
cytotoxic for both Th and Bu celis and at a 1:4 dilution, 
the cytotoxicity dropped to 25%. The antisera were not 
specific for either population of cellse At a 1:8 dilution, 
the cytotoxic activity was absent but both Th and Bu Lympho- 
cytes formed large agglutinates. For each successive dilu- 
tion of antiserum from titres of 1:4 to 1:32, the clump size 
decreasede No clumps were seen at a dilution of 1364. The 
agglutinin activity exhibited by these antisera was not 
specific for either population of cells. No difference was 
detected in the cytotoxic or agglutinin titre in tests using 
freshly thawed or heat-inactivated (at 569 C for 30 minutes) 
antiserum and between tests using chicken or pheasant serum 
as a source of complement. The unabsorbed antisera did 
however contain RBC agglutinin activity up to a loge titre 


of 3 or 4 which was easily removed fotlowing absorption with 


RBCS. 
If. The Identification of Specific Thymus and Bursa Cell 
Antigens 


The fact that Tn and Bu cells were equally reactive in 
the cytotoxic and ltymphoagglutination tests with either 
antiserum indicates that the antibody activity is directed 


against an antigen or antigens shared by Th and Bu cellse 


19 


4 . — 
tage wil —! ane iia We 


7 — 


a 


en OEAT Se 2) OG wee: Wo acl osm a om 


us ioe) GOAN. Xe vi iw 4 Picks Leh 
Sy ae : > 
¢ 4 j a 6 ii at'] AL. tod 406 ohuw rt wy 
‘ ray a ® ar i S ath a8 if Le Gs . rhe = wri * : 
‘ n) ( al ' >, 
‘ 7 ~ J oe & 
, i . 4 il j ‘ 6-9 
i é 5 ‘ } ’ | Tie 4 ae 
' i= es ‘ 
® ‘ , i 3 iad 
J L 2 aa} 4 
‘ ; t 
‘ ' : 7 
‘ : * ay 
‘ ia ' ‘ ‘ 
i) 
® é . 
Wide a owe Se = , eT is'b ee ols. 
_ 
7 7 _ ; vo 
hala hate 8: SO" tae e2 age . ~ oe oY 4400 6208 
ee 7 


7 


ahd Sak dens sitting 


mn vii its 


La 


20 


The lymphocyte adherence assay was used to attempt to show a 
specific Th or Bu reaction by PATS or PABS. The adherence 
for Th celts was between 50 and 80% at 1 hour of incubation 
with PATS and 5 to 10% with PABS. The dilution curves are 
Similar and parallel on a log,gq-logig scale (Figure 1). The 
adherence of Th celis incubated with NPS was between 2 to 
6%e This is not significantly different from the adherence 
of these celts incubated with PABSe The specific adherence 
for Bu cells, on the other hand, was approximately 80% after 
2 hours of incubation with PABS. These dilution curves are 
also similar and parallel (Figure 2)- A high background of 
nonspecific adherence (30%) was consistently found in the Bu 
cell suspensions in the presence or absence of PATSe This 
high background could be reduced from 30 to 15% by pre- 
incubating these celis for 20 minutes in petri dishes at 229 
Ce This nonspecific adnerence correlated with the number of 
dead cells, those stained with trypan blue, observed in the 
Bu cell preparation. 

The etfects of varying the conditions and reagents for 
adherence were tested for both Th and Bu cells. When normal 
pheasant serum was substituted for normal chicken serum as a 
seurce of complement the adherence in either the presence or 
absence of antiserum was increased by 8% for Th and 16% for 
Bu cells (Table I). The addition of NCS to the incubation 
medium was essential for measuring the PABS activity but not 
for PATS activity (Table II). 


Adherence begins to occur within 15 minutes after incu- 
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bation of the lymphocytes as shown for the LA of Th cells 
incubated with PATS in Figure 3 and for Bu cells incubated 
with PABS in Figure 4. The time curves of Figures 3 and 4 
indicate that the rate of adherence is greatest during the 
first 15 minutes, 25% for Th cells incubated with PATS and 
20% for Bu ceils incubated witn PABS. After this, the LA 
takes place at a relatively constant rate of 12 to 16% per 
heur as indicated from the linearity of the time curves. 
Regression lines were used to approximate the slope of these 
lines for the purpose of making comparisons between 
experimentse 

Next Th cells were incubated at either 22° C or 38° Cc 
with i:32 (Figure 5a) or a 1:64 (Figure 5b) dilution of 
PATSe The rates of adherence at 229 C was parallel to, but 
less than the rates of adherence for 389 C at both antiserum 
concentrations testede 

The distribution of Th- and Bu-specific antigens on 
lymphocytes developing in the thymus and bursa of Fabricius 
was examined in 0 to 56 day-old chicks (Figure 6). Non- 
Significant fluctuations occur in the specific and non- 
specific adherence of Th or Bu cells with increasing age of 
the donore The average adherence observed for Th cetts was 
59e1% and for Bu cells, 47%. The average nonspecific 
adherence for Th cells incubated with PABS of the varying 
aged donors was 6.5% and for Bu cells incubated with PATS, 
17%. The distribution of the Th- and Bu-specific antigens 


was also examined on lymphocytes obtained from the spleen 
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and peripheral blood of 56 day-old chickense In the pres- 
ence of PATS, the specific LA for spleen cells was 50.1% and 
for peripheral blood, 49.4%. In the presence of PABS, the 
specific LA for spleen was 42.7% and for peripheral blood, 
Ge2%e These results then indicate that the splenic lLympho- 
cyte population is composed of Th and Bu antigen bearing 
lymphocyte populations while the Lymphoid population of the 
peripheral blood is comprised of a large proportion of Th- 
antigen bearing celts, a large proportion of celtlis not 
recognized by either of the antisera, and a relatively small 
proportion of Bu antigen bearing cellise 

The LA assay was then used to evaluate whether the PBLs 
bearing the Th antigen would react with PATS like Th ceils. 
The results (represented in Figures Ja and b) show that PBLs 
react tike Th cetis when tested under similar conditions. 
The reacticn at 38° C was slowed by increasing the volume of 
the reaction mixture without an equivalent increase in the 


surface available for adherence. 


Tile The Identification of Lymphocyte Antigens on PBLs That 
Participate in the GvH Reaction 

Thus far, the usefulness of the antisera has been 
confined to an in vitro definition of surface antigens 
expressed on lymphoid cell populations of the thymus, bursa, 
spleen, and peripheral blood. The capacity of PATS to 
define one of the Th cell-mediated in vivo functions of Th- 


antigen bearing subpopulations was tested in two assay 
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systems, the CAM pock and the splenomegaly assaye In the 
first assay system (the CAM pock test), allogeneic PBLs are 
inoculated onto the CAM of chick embryos, and 4 days later 
the number of pocks formed on the CAM measures the relative 
number of immunologically reactive celis remaining in the 
cell suspensione PBLs from B!*/B!* donors (used as a 
convenient source of immunocompetent cells) were incubated 
in the presence or absence of PATS in the same manner 
described for the LA test. The nonadherent PBL population 
incubated in the absence or in the presence of PATS were 
inoculated onto the CAM of B?/B* chick embryos. In some 
experiments, the adherent PBL population was collected by 
vigorous shaking and inoculated onto the CAMe In all the 
groups tested, 2-3x105 PBLs per chick embryo were inoculated 
onto the CAMe These treatments should result ina less of 
GvH immunocompetence of the nonadherent population after 
incubation with PATS because of the selective loss of Th 
antigen bearing cellse Likewise, the GvH reactivity may be 
augmented by an increase in the concentration of Th antigen 
bearing cells of the adherent populatione 

The results of these experiments are summarized in 
Table Iii, experiments 1 through 7- In experiments 2, 3, 4, 
and 7 the GvH reactivity oi the nonadherent PBL populations 
was signiticantly reduced after incubation with the anti- 
serum compared to the control (GvH reactivity of PBLs 
incubated in the absence of antiserum). In these four ex- 


periments, GvH immuaocompetence decreased by 91 -5%, 639%, 


a Gade) wield dene pn vio WN 
eaiteres aft 25709 nites 8 sAenaewt epee 
, epaamecs. 61 40% Ti a WQite Keays 


= of 
cou 1 wt anen™ Us es a oor 


ide t= se iiace (4etcges aU iieet “SG! areal) 

7 ro 1. ie “ae cee 4 Gas cn te = 100 OWS 

ius iw | toe ae 1m wot’ e#€St1 At =the Owe DOE 
ee 

vis ToL hg fe elle cgih Tate Beh 

bs bes ‘ te. hy 9S Leet ihe! OH gO 

, , ul alas O'1hs Peg eG ieee an 

’ idle iw 1 *-71¢C5> yore t 069 


Bot 7 an | se D GRD 


0 


es 
on 19 5 v (i 9? QE ao seems 
ei an , ' Sie ‘ 1©4 Gens aide “os os 


q om ew | 6 + 4 7 e 8 iS 7 ach eae: 
imsaltad at & 4s Lene } é 1. pereel 1’ Oe owen 
aos ¢ 8 P.85 i po 6 ot Sead iso ay 
i —— 


nq al > Gal iD € PCat es : anit de> CADIS 

a a -@ @5%6 8 a4 7 © 40590) @@emestugen «4 

SOT bem: ab" ive fase adt Dy WAGIGn wr iiae: 

_ rani SUP. Feist ditaligh asf ks waipal 1 det 


nets is eis Aine vahenaend at. - 


24 


78e4%, and 75e3%, respectively. However, the loss of 
adherent celis after antiserum treatment was not correlated 
with a loss of GvH immunocompetence within any single ex- 
periment or between experiments. In experiment 4, for 
example, PELs were incubated with a 12:32, 1:64, 12128, or 
1:256 dilution of PATS. The GvH immunocompetence of these 
PBL populations was significantly reduced from the control 
group in only one of the antiserum treated groups (1:64) 
despite the fact that the same numbers of cells were used in 
the inocula after incudation with the antiserum. In experi- 
ments 1, 4, and 6 no significant toss of GvH immunocon- 
petence was obtained in any of the groups of PBLS incubated 
with antiserum despite the adherence of a significant number 
of cellse In experiments 1 and 2, the GvH immunocompetence 
of the adherent PBL population was significantly reduced 
from the PBLs used in the control groupe 

In contrast to these inconsistent results, the in vitro 
pretreatment of PBLs with PATS had a profound and consistent 
effect upon the GvH reactivity of these cells measured in 
B?/B* chick embryos using the splenomegaly assay (Figure &)-. 
A complete suppression in the GvH reactivity of the PBLs was 
obtained after incubation with antiserum concentrations of 
PATS up to a dilution of 1:512. The mean spleen weight in 
logio mg@ was an inverse function of the logi9 concentration 
of antiserum used to treat the inoculum. The spleen weight 
decreased 33% for each tenfold increase in antibody between 


dilutions of 1:512 and 1:8192. At a dilution of 1:8192 and 
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1:16,384 the mean spleen weight equaled that of the positive 
controle The GvH reactivity of allogeneic PBLs measured in 
the splenomegaly assay decreased from a mean spleen weight 
of 102 mg in the control group (incubated in vitro without 
antiserum) to 9.3 mg in the experimental group of PBLs 
incubated in vitro for a period of 15 minutes with PATS at 
229 € (Table IV). This toss of reactivity in the 
experimental group of PBLs did not vary with increasing time 
of incubation with the antiserum. in another experiment 
(Figure 9), the temperature of incubation was changed to 49 
C and the resuits show that a consistent and complete 
suppression of the PBL, GvH reactivity was obtained by 30 
minutes of incubation, jin tro, with the antisera. A 
change in the size of the culture tubes (17x100mm versus 
12x75 mm) without a change in the volume of the incubation 
medium does not significantly alter the capacity of the 
antiserum to suppress the GvH reactivity of PBLs (p>0.75)-. 
The CAM pock assay and the splenomegaly assay were also 
used to determine if PABS would aiter the GvH reactivity of 
PBLse The ability of PBLs to produce GvH pocks was not 
altered after incubation with PABS (Table I11, experiments 8 
and Q9)e. On the other hand, the GvH reactivity of PBLs 
measured by the splenomegaly assay was severely suppressed 
(Figure 10) and the slope of the antibody dilution curve 
(b=0.460) was not different from that observed for PATS 
(b=0e503)-e Both PABS and PATS may then be recognizing 


cellular Lymphocyte antigens common to PBLS;, Th, and Bu 


—? 


7 
ai ee a jae te a i 
wie too pad 24 hee lo chelate 


an 1 - 
a : shea _ 
Lip mee + aa — 


. _ 


~ 


leaise Ae Iece mv na oD ro " ep sian wsheniates . 
7 

‘viw othet 44 Sota oes ) witaa 4>*F sS prand ith 
i] 


j ise fa Qiimeis ak.) rer | se poy i. wl ha 


ii« ¢ fj: BV + - ) it usdee fe & 
it tote »'€ ‘ ia? ei ft 
, 2 ; iw it Jaber 
‘ owt) i? up mia a8 
. 9 ‘ é 7 ss ‘ 7s, ot et - 
‘ 
i - 19 ot © earte 
. PL * Lag oe ‘%¢ 
. 4'u i i6toad “> 
4a@% i’ wi? &t~—ee 
a 
i } ) ( ' eisvgou et 7 


+! 2 ’ 
‘ 7 ! 
, ais 
Mia@hecy ida | 
j ts i ed | 
‘beet Tea 4 ple e095n G4 ‘. : 7 


eyed eNMes sini! ; dine ae)! ih of 
ae 
Ae - ir» « ea) ve nn bevy Peripe ' 
: ae mp 


a 


n 


on 
~ 
’ 


cells. 


Several experiments nave been presented in Tabntie V 
showing that incubation of PBLs with NPS has no effect upon 
the GvH reactivity of the inoculated cells. Also, washing 
the PBLs after jn yitro pretreatment with either of the 
pheasant antisera did net significantly change the level of 
suppression of tine GvH reacticn (Teble VI). 

in the next series of experiments the PATS and PABS 
were absorbed with Th, Bu, or EB cells prior to the assay 
for GvH suppression. Two mls of a 1:16 dilution of PATS was 
absorbed once, twice, or three times with Th, Bu, or RB 
cells. Allogeneic 3B1*/B!* PBLs were then incubated with the 
absorbed antiserum at 49 C for 30 minutes with a final anti- 
serum dilution of 1:128, i:256, or 1:512. The antiserum- 
treated PBLs were then inoculated into 12 day-old B*/B? 
Chick embryos at a concentration of 3x10°% cells per embryo. 
Tne resuits are presented in the form of histograms (Figures 
ii and 12) for the mean spleen weights of the embryos in- 
eculated with the ditferent groups of antiserum treated 
PBLSe In both experiments, the resuits indicate that the 
antibody activity in the PATS, defined by the suppression of 
PBL, GvH reactivity in chick embryos; was removed by absorp- 
tion of the antiserum with Th or Bu cells. Absorption of 
the antiserum with RBCs did not remove the antibody activity 
responsible for the suppressione Two similarly designed 
experiments (Figures i3 and 14) were conducted using PABS 


and absorbed PABSe The results show that both Bu and Th 
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cells but not RBCs were capable of removing the PBL, GvH 
inhibitory activity of the antiserum. In summary, these 
experiments demonstrate the capacity of Th and Bu celts to 
remove the antibody activity, present in both PATS and PABS, 
that is responsible for the suppression of PBL, GvH reactiv- 
ity in chick embryos. The antibody activity of these 
antisera are clearly directed against a lymphocyte antigen 


common to Th, Bu, and PBLsSe 
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The results that have been presented in this chapter 
demonstrate that nheteroantisera raised in pheasants against 
chicken thymus or bursa cells contain many types of species 
specific ceii reactivities. This is not surprising in view 
of the long history that has preceeded this work regarding 
the raising of antitymphocyte serum and examination of its 
propertiese One of the first accounts describing the pre- 
paration of antilymphocyte serum dates back to 1899, when 
Eli Metchnikoff raised in guinea pigs, anti-rat lymph node 
or spleen serum to study the cellular basis of inflammation. 

Anti-Th or -Bu cell activity was identified in PATS or 
PABS on the basis of Lymphocyte fixation to the surface of 
plastic or glass vessels after the addition of antiserum. 
The tixation ot lymphocytes appears te represent a con- 
sistent, rapid, and useful method for the jn vitro detection 
of Th and Bu cell antigens expressed on Lymphoid cells 
comprising the primary and peripheral lymphoid tissue of the 
chicken. The organ distribution of Th and Bu celt types 
observed in the lymphocyte fixation test differs from tnat 
observed with immunofluorescent Labeling tests reported by 
Hudson and Roitt 1973, and Wick et ate, 19756 The pro- 
portion of Th cells observed in the LA test is 10% lower 
than that reported using immunofluorescent labeling for both 
the peripheral blood and spleen. The proportion of Bu cetts 


observed with the LA test is equal to that observed by 
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others for the spleen and is lower by 14 to 33% for 
peripheral blood. The distribution of Bu cells in these 
lymphoid organs using lymphocyte fixation test equals the 
distribution frequency observed for these ergans in studies 
using anti-immunoglobulin reagents to label Bu cells (Wick 
et ale, 1973). The Bu cell marker identified in the LA test 
with PABS, though, does not appear to be an anti-immuno- 
globulin marker since chicken immunoglobulin does not react 
with PABS in Ouchterlony tests. 

Comparisons between the organ distribution of chicken 
Th and Bu cell types with those of mouse T and B cell types 
were made on the basis of the data presented for the chicken 
in Hudson and Roitt 1973, and Wick et ale, 1975, using anti- 
Th and anti-Bu serum reagents and for the mouse in Raff 
1971, using anti-theta and anti-MBLA reagentse These 
comparisons reveal that: 1) the proportion of chicken 
peripheral blood Th cells is 12 to 14% lower than that 
observed for T celis in the blood of the mouse; 2) the pro- 
portion of chicken spleen Th ceils is 25 to 27% higher than 
that observed for T cells in this organ of the mouse; 93) 
the proportion of chicken peripheral blood Bu cells is 
equivatent (33%) to that observed for B celis in the 
peripheral btiood of the mouse; and 4) the proportion of 
chicken spleen Bu celiis is 15 to 18% Lower than that 
observed for B cells in this organ of the mousee On the 
basis of this analysis the proportion of Th and Bu cell 


types of the chicken spleen is much closer to that observed 
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for T and B cell types of the mouse lymph node (T=61%, 
B=28%) than that observed for any of the other Lymphoid 
organe The differences examined here may be real and may 
then reflect differences in the structuring of Lymphoid 
tissue during the evolution of these two animal species. 
Alternatively, this difference may be attributed to the 
differences in methodology and antisera used to describe 
each systeme 

The selection of pheasants to raise heteroantisera 
against Th and Bu cell was based on the knowledge that 
mammalian antibody does not have the capacity to fix chicken 
complement. The incompatibitity in the complement binding 
properties that exist between the mammalian and avian 
systems was described by Rice 1948, Rice and Crowson 1950, 


Orlans et ale, 1962, and Gigli and Austin 1971. The use of 


mammalian heteroantisera for studying immune functions of 
Tnh- and Bu-derived tymphocytes by in vivo depletion of these 
cells with antisera may seriously impair its specificity and 
effectiveness in these type of experiments since the in 
vitro specificity of typing Th and Bu antigen-bearing 
lymphocytes require mammalian complement to complete the 
reacticns of immune adherence or by cytolysise 

PATS and PABS as defined by lymphocyte fixation were 
tested for their usefulness in examining the role of Th or 
Bu antigen-bearing tymphocytes in the mediation of cellular 
immunocompetence against major histocompatibility antigens 


as measured in the GvH peck assaye The results of these 
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experiments indicate that only pretreatment in vitro with 
PATS witl suppress the GvH reactivity of PBLse However, 
this suppression is not directly correlated with the 
selective toss of Th antigen-bearing PBLs after in vitro 
treatment with PATS. The suppression of antithymus serum on 
the PBL, GvH reactivity measured in the pock reaction has 
been reported by others (Potworowski et ale, 1971; Rouse 
and Warner 1972; Wick et ale, 1975). Each of these reports 
along with my own have inherent weaknesses either in the 
methodology or in the consistency of the results that tend 
to overshadow the conclusions drawn, iee that this isa 
strictly Th-cetil mediated reactione For example, the CAM 
pock assay is known to be ceil-dose dependent (Copptieson and 
Michie 1966; Longenecker et ale, 1970)- The reports of 
Potworowski et ale, 1971, and Rouse and Warner 1972, are 
weak in methodologye Each of these reports indicate that 
pretreatment with rabbit-antithymocyte serum will selective- 
Ly destroy Th cell antigen-bearing PBLs after the addition 
of guinea pig complement jn vitro but no attempt was made to 
readjust the cell concentration of the Lymphocytes after 
incubation with the antiserum prior to using this as an 
inoculum in the GvH pock assaye Therefore, one would expect 
to see a loss in the GvH immunocompetence of the treated 
cells based upen the fact that a lower concentration of 
cells is being inoculated onto the CAMe Next, in the ex- 
periments using turkey antisera (Wick et al., 1975) and in 


my own experiments using pheasant antiserum the cell con- 
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centrations were readjusted after incubation with the anti- 
serum but the decrease in Lymphocyte GvH reactivity produced 
by these antisera was not consistent from experiment to ex- 
perimente Finally, none of the experiments reported thus 
far have demonstrated a dose response relationship between 
the concentration of antiserum and the loss of GvH immuno- 
competencee 

The chicken Lymphocyte antigen marker identified with 
PATS or PABS on the basis of the serum's ability to Limit an 
increase in the host-spleen weight following inoculation of 
allogeneic PBLs into chick embryos differ in specificity 
from those identified in a Similar assay system with rabbit- 
antithymocyte serum (Lydyard and [Ivwanyi i971; Ivanyi and 
Lydyard 1972; Crone et aley 1972)-e In these reports the 
suppression of GvH splenomegaly following treatment of 
lymphocytes with antiserum was associated with a Th celt 
antigen markere The determinations of specificity were 
based upon the differentiat potency of rabbit-antithymocyte 
serum as opposed to rabbit-antibursa serum to reduce the 
PBL, GvH reactivity and upen the absorptive capacity of only 
thymus cells to selectively remove this activity from the 
antiserum. The absorption studies presented in the results 
section indicate that thymus, bursa, peripheral blood 
Lymphocytes but not erythrocytes have the capacity te absorb 
the antilymphocyte activity identified in both PATS and 
PABSe Similiar observations have been made in the mouse 


systeme Antilymphocyte and antithymocyte serum treatment of 
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Lymphocytes in vitro reduced their potential to elicit in 
vivo a GvH reaction in neonates and Fl hybrids (Boak et ale, 
1967; Brent et ale, 1967; Levey and Medawar 1967; 
Gallagher et ale, 1972; Richie et ale, 1975) The reduced 
potential of these lympnocytes is believed to be associated 
with: 1) the change in migration pattern, iee the 
antiserum coated cells home to the Liver and kidneys instead 
of to the spleen and lymph nodes (Martin and Miller 1967; 
Taub and Lance 1968; Richie et ale, 1975), 2) with the loss 
of their recirculation potential after the initial migration 
is complete (Richie et ale, 1975), and 3) with an active 
elimination of the cells in tne recipient via opsonization 
mechanisms (Greaves et ale, 19693 Martin 1969; Lydyard and 
Ivanyi 1974). 

The PBL, GvH reactivity can also be suppressed with 
alloantiserum directed against antigens associated with the 
B tocus (Crone et ale, 19872)-e McBride et ale, 1966, used 
non-cytotoxic alloantisera (presumably anti-B) to define the 
origin of immunocompetent cells responsible for the serial 
transfer of GvH reactivity in 17 day-old embryose More 
recently, anti-B sera have been used as a criterion for 
establishing the B genotypes of various donors whose cells 
were used for absorption (Simonsen 197335 1975). 

The use of anti-Th and anti-Bu reagents to define jn 
vivo Th and Bu cell functions have thus far largely 
confirmed observations made earlier in ablation type 


experimentse These are: 1) the survival of skin allografts 
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is prolonged after in ovo injections of duck antithymus 
serum (Toben and St Pierre 1972) and after in vivo injec- 
tions of turkey antithymus serum before and during 
allogeneic skin grafting (Wick et ale, 1975)3 2) the onset 
of induction of experimental allergic encephalomyelitis 
(produced experimentally by injection with myelin protein) 
is suppressed by injections with rabbit antithymus serum 
(Jankovic et ale, 1970a);3 3) the onset of the development 
of spontaneous autoimmune thyroiditis in the Obese strain of 
chickens is suppressed by in vivo injections of turkey anti- 
bursa serum (Wick et ale, 1971); 5) the humoral immune 
response to Brucetla abortus is suppressed by in ovo 
injections of duck antibursa serum (Toben and St Pierre 
1972); and 6) the production of hemolysins against sheep 
erythrocytes in the in vitro direct and indirect plaque- 
forming cell assay is inhibited by treatment with rabbit 
antibursa serum (McArthur et ale, 1971; Potworowski et ale, 
1971)-e- The use of these reagents jn vivo does not appear to 
affect cells of the thymus or bursa per se put does alter 
the distribution of peripheral Th or Bu antigen-bearing 
cells (Jankovic et ale, 1970b; Wick et ale, 1971; Toben 


and St Pierre 1972). 
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Seven genetic loci excluding those associated with the 
H-2 locus of the more than 30 alloantigen systems character- 
ized in the mouse code for lymphocyte alloantigens. Five of 
them, described previously (Ly-1, 2; 3, 5 and Thy-1), code 
tor unique surface markers on thymus cells and subpopula- 
tions of circulating T lymphocytes and the other two loci 
(Ly-4 and PC-1) code for tymphoid alloantigens expressed on 
circulating B lymphocytes and en plasma cells. 

In the chicken five genetic Loci of the more than 14 
alloantigen systems encode Lymphocyte alloantigens. Three 
of them ( A, B, € loci) also encode antigens found on 
chicken erythrocytese B represents the major histocompat— 
ibility system of the chicken (Schierman and Nordskog 19613 
Pazderka et ale, i975a) and is the counterpart of tne H-2 
system of the mouse. The B and C Lymphocyte alloantigens 
were detected by agglutination (Schierman and Nordskog 1962) 
and the A and B lymphocyte alloantigens were detected by 
lymphocyte adherence in the presence of alioantisera 
(allofixation, Wong et ale, 1972). The Th-1 tocus codes for 
a pair of antithetical antigens expressed on thymus and 
thymus-derived chicken lymphocytes and the Bu-1 locus codes 
for a pair of antitheticai antigens expressed on bursa and 
bursa-derived chicken lymphocytes (Gilmour et ale, 1976). 
These alloantigens were detected by the complement-—dependent 


lymphocyte cytotoxicity assaye 
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in this chapter, two new chicken Lymphocyte ailo- 
antigens were identified by the reduction of GvH activity of 
lymphocytes following treatment with alloantisera prepared 
in two highly inbred lines of chickens (lines 6, and 72) 
identical at the Ay B, and C loci (We Ee Briles, un- 
published communication). This system of identification was 
used to establish the mode of inheritance of these 
alloantigens and their relationship to the B and Th-1i 


alloantigen systems. 
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MATERIALS AND METHODS 


Ie Animals 

Parentat line 6 subline 1 (L6) and Line 7 subline 2 
(L7) chickens were obtained as eggs from the East Lansing 
Poultry Research Laboratory, East Lansing, Michigan, and 
hatched in filtered air, positive pressure quarters free of 
the Marek's disease virus (MDV). These Lines have been 
inbred since 1940, and have a coefficient of inbreeding in 
excess of 95% (Stone 1975). Parental chickens were used to 
produce Fl hybrids (L6xL7 crosses) and Fl's were used to 
produce FZ progenye Sixty-nine MDV-free F2 progeny and 32 
infected with MDV were used to analyze the alloantigens 
specified by the Ly-4 Llocuse Eighteen MDV-free F2 progeny 
were used to study the relationship between the alloantigens 
determined by the Ly-4 and Th-1 loci. Eighteen MDV-free F2 
progeny derived from matings between Fl hybrids of L6é and 
B14/B14* chickens were used to study the relationship between 
the Ly-4 and the B antigense The B alteles in these F2 
progeny were determined as described in Pazderka et ale, 
1975a. Seventy-five F3 progeny, produced from MDV-free F2 
Ly-4.1 parents and from MDV-free F2 Ly-4e2 parents, were 
exposed to MDV at hatchinge Line FP embryos ( 3'°/B?!) used 
in the GvH splenomegaly assay were obtained from Hy line 
International, Johnston, I[owae Random bred embryos were 
obtained from the University of Alberta poultry farm, 


Edmonton, Albertae 
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Ife Antisera 

Anti-line 6 peripheral blood (A6) antiserum was 
produced by ieve injection of 3 to 4 mls of heparinized 
whole blood from MDV-free Line 6 donors into MDV-free Line 7 
recipientse A reciprocal immunization using MDV-free Line 7 
whole blood was done in MDV-free Line 6 recipients to 
produce anti-line 7 peripheral blood (A7) antiserume Weekly 
immunizations were carried out during the first 2 months. 
These chickens were tnen rested for 1-5 months. Bimonthly 
immunizations were then continued for a period of 3-5 to 5 
monthse The immunized chickens were bled and the serum was 
coltected and stored in the vapor phase of liquid nitrogen 
in 1 ml aliquots. 

Anti-line 6 thymocyte (A6Th) antiserum and anti-line 7 
thymocyte (A7Th) antiserum were kindly provided by Dre De 
Gilmoure Antisera were prepared by immunization of L63 with 


L722 and L72 with L63 thymus cells (Gilmour et ale, 1976). 


Tite Absorption of Antisera 


Each antiserum was produced ina single recipient 
following multiple PBL cross-immunizations using several 
donors of the other lLinee Since these Lines are not 
completely isogenic, a certain amount of non-specific 
antilymphocyte activity (directed against other antigen 
systems shared by some L6 and L7 chickens) was expected to 
be present in each of the antiserae This activity was 


detected using the splenomegaly inhibition assaye To remove 
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this activity 1 mt of a 1210 dilution of the appropriate 
serum was absorbed at room temperature with 60 to 80x10 
PBLs (preparation described in the next section). This 
procedure removed completely all A6 reactivity from A7 serum 
and atl AJ reactivity from A6é serum. The same absorption 
procedure was foliowed using varying concentrations of Th 
celis, Bu cells, PBLs, RBCs for the purpose of determining 
the types of cells that carry the alloantigen detected by 


the antisera. 


IVe Preparation of PBLs and Erythrocytes 

The preparation of PBLsS and erythrocytes from whole 
blood were identical to that described in Materiats and 
Methods of chapter Ie To further enrich the lymphocyte 
concentration in the PBL fraction, these cells were 
incubated twice in a 60x15 mm petri dish at room temperature 
to remove contaminating granulocytes, thrombocytes,;, and 
monocytes (Wong et ale, 1972). The PBLs were usually 
prepared the day previous to embryo inoculation and stored 


overnight at 59 C. 


Ve. Assay for Antilymphocyte Activity in A6é and AZ Serum 
In 12x75 mm plastic tube, 5 to 10x10° PBL/ml from 
appropriate donors were incubated (for a period of 20 min- 
utes at 4° C) with either a 1:50 dilution of A6 serum, a 
1:50 to 12250 dilution of A7 serum , or 1:50 dilution of 


normal chick serum (NS)e The GvH reactivity of the cells 
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from different treatment groups was then tested in the GvH 
splenomegaly assay as presented in chapter Ie A volume of 2 
ml was usuaily prepared for each group of embryo inocula- 
tionse The serum-ceit mixture from each group was injected 
ieVe into groups of 10 to 13, 12 day-old chick embryos in a 
volume of 0-1 mli/embryo.e Six days later the embryonic 
spleens were removed, weighed to the nearest mg; and the 
spleen weights were transformed to log,i9 (Longenecker et aie 
1972). The logig spleen weights in the different treatment 
groups from each donor were compared using Duncan's new 
multiple range test (Sokal and Rohlf 1969)-e Other 
statistical tests used to analyze the data (regression 
analysis, analysis of variance, goodness of fit K*, RxC 
tests of association, Fisher's exact test) were as described 
in the texts of Steel and Torrie 160, and Sokal and Rohlf 


1969-~ 


Vie Assay for Antilymphocyte Activity in A6Th and A7Th 
Serum 

The procedure for these tests was identical to that 
described in section V of this chapter except A6Th serum at 
a dilution of 1:60 was substituted for A6 serum and A7Th 


serum at a dilution of 1:60 to 1:240 was substituted for AZ 


serume 


Vile Marek's Disease 


A) Assay tor Marek's disease virus (MDV)>s Whole blood 
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was obtained from parental L6 and L7 chickens and from F2, 
L6é-type and L7-type chickens exposed to MDV by housing them 
in quarters containing MDV infected chickense The blood 
samples were assayed according to Longenecker et ale, 1975. 
Briefiy, the blood samples were diluted 1:4 with saline. 
One-tenth ml of this blood was injected iev. into groups of 
6 to 12, 12-day B*/B? chick embryose The number of MDV 
induced tlesions on the CAM of each embryo was counted five 
days latere The groups of embryos in these experiments were 
coded and the number of lesions counted in each group was 
done without knowing the identity of the donore 

B) Classification of chickens with respect te MD: F3 
progeny, 18 of the L6é-type and 57 of the L7i-type from 7 
different hatches were exposed to virulent MDV at hatching. 
These chickens were observed from 39 to 12 weeks after 
hatching and evidence of MD was recordede Those that died 
during this period were autopsied in search of lymphoid 
tumors of MDe Those that survivied were terminated at the 
end of the observation period and were autopsied for the 
presence of MD Lymphomase These records were made without 
knowing the identity of the chickens with respect to the 


lymphocyte typee 
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RESULTS 


ie ihe Identification of the Lymphocyte Determining Locus, 
Ly-4 

A) The GvH reactivity of parental L6, and L72 PBLs: 
Whole blood obtained from parental L6, and L72 chickens was 
dituted with MEM and inoculated into 12-day old chick 
embryos at concentrations of 0.625 to 10x105 cells per 
inoculume The cell dose, GvH respense curves were nearly 
identical for both types of inocula (Figure 15). These 
curves show that the spleen weight increased 20% as the cell 
dose was doubled from 0.625x10° to 1225x105 cells, increased 
20% as the cell dose was increased from 1.225 to 5X10° cells 
(two doubling dilutions) and increased 50% as the cell dose 
was doubled from 5 to 10x10° cells per inoculume At the 
intermediate concentrations (1¢25, 265, 5x10° cells) the 
increase in spleen weight was nonsignificant. At these ceil 
concentrations then, the spleen weights are least affected 
by fortuitous variations between experimentse 

B) Effect of anti-line 6, (AH) and anti-line 72 (A7) 
sera on the GvH reactivity of L6 and L7 PBLs: L6 PBLs were 
incubated jn vitro at 49 C for 20 minutes with varying con- 
centrations of A6 serum ranging from a dilution of 1:50 (2% 
by final volume) to 1:1600 (0-06%)- Similarly, LY PBLs were 
incubated with varying concentrations of A7 serume Each 
experiment was done twicee For both antisera, a concentra- 


tion greater than 1:3800 dilution (0.1%) reduced or Limited 
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the GvH splenomegaly of the inoculated Lymphocytes (Figure 
16). Each pair of ‘tike' serum treatments was pooled to 
obtain the two dilution curves. These curves for both serum 
treatments are sigmoidal in shape and the slopes refer to 
the linear middle segment of each curve, -0.700 for A6xL6 
and —-0.770 for A7xL7. The curves are parallel and the ditff- 
erence in the iimitation of GvH splenomegaly between the two 
curves is attributable to a difference in potencye The 
least variation in the curves lie to the right con the graph 
in which the antisera exerts a maximal or near maximal 
effect on the lymphocytes. For the experiments that follow, 
a dilution of 1:50 for A6é and ditutions of 1:50 to 1:250 
were used to reproduce a reduction in GvH splenomegaly of 
one third of the maxima for L6 and L7J PBLse This is a 
difference of about 0-50 on a logyig scale. 

This reduction was not aitered by a change in the 
temperature of incubation (229 C instead of 49 C) nor by a 
Change in both the temperature and time of incubation with 
the antisera (22° C instead of 49 C and 60 minutes instead 
of 20 minutes) (Table VII). Washing the cells after in 
vitro incubation with the antisera prior to inoculation did 
not alter the reduction of GvH splenomegaly (Table VII). 
The antisera did not agglutinate lymphocytes nor was it 
cytotoxic under the conditions decribed in these experi- 
mentse Incubation with antiserum did not alter the Gvi 
immunocompetence of these Lymphocytes measured in the CAM 


pock assay (Table VIiI). 
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C) Specificity of these antisera: L6& PBLs were 
incubated with NS, Aé serum, or with A6 serum absorbed with 
L6 PBLs; L7 PBILs, L6 RBCs, or with L7 RBCs. Only absorption 
of AG serum with L6 PBLs removed the Limiting effect of A6 
serum on the GvH spleen weignt produced by L6 PBLs (Figure 
17 )e The GvH splenomegaly of L7 PBLs in a similarly 
designed experiment was not limited by A7 serum absorbed 
with L7 PBLs but were Limited by A7 serum and A7 serum 
absorbed with L7 RBCs, L6 PBLsy, or with L6 RBCs (Figure 18). 
L7 PBLs were then incubated with NS, A7 serum, A7 serum 
absorbed with 2x108 L7 PBLs, L7 Th cells, L7 Bu celis, and 
L7 RBCs or with AZ serum absorbed with 4x10% L7 spleen 
cells, L7 Th cell, L7 Bu cells, and L7 RBCs. Only AJ serum 
absorbed with 2x108% PBLs (Figure 19a) and only A7 serum 
absorbed with 4x1i0% L7 spleen cells (Figure 19B) removed the 
limiting effect of A7J7 serume 

D) Limitation of GvH spleen weight by antisera: 
Parental L6, 17, and Fl PBLs were incubated with A6, AT, or 
NS in vitro and inoculated into chicken embryose The 
results show that: 1) for L6 PBLs,; A6 serum Limited the GvH 
spleen weight while NS and A7 serum had no effect (Table Ix, 
Tests 1 to 7); 2) for L7 PBLs, A7 serum Limited the GvH 
spleen weight while NS and A6 serum had no effect (Table IX, 
Test 8 to i7)3 3) for Fi PBis, both A6 and A7J serum limited 
the Gvii spleen weight white NS had no effect (Table IX, 
Tests 18 and 19)-e The GvH limitation by these antisera for 


each of the donors is expressed as the AJ serum spleen 
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weight (logijg mg) minus the A6 serum spleen weight (logig 
mz) (Table IX, column 4). In parental L6 this difference 
will be positive because of the absence of an effect with A7 
serum and with parental L7 this ditference will be negative 
because of the absence of an effect with A6 serume In Fi 
chickens this difference is near zero because the two 
antisera have equat limiting effects. 

The relationship between Limiting and nonlimiting GvH 
spleen weight of L6é and LJ PBLs was examined by determining 
the correlation of the spleen weights for these treatments 
presented in Table IX. First, there is a very high 
correlation between the NS mean spleen weight and the mean 
spleen weight produced by L6 PBLs incubated with A7 serum or 
between the NS mean spleen weight and the mean spleen weight 
produced by L7 PBLs incubated with A6 serum (Figure 20, 
upper Line, b = principal axis of correlation = 1.06, 
r=coefficient of correlation = 0-958, p<0.G0i)- The mean 
embryo spleen weignt for each donor whose PBLs are treated 
with NS does not differ significantly from the mean spleen 
weight of that donor's PBLs after treatment with the 
nonlimiting serum (iee A7TxL6 and A6xL7)-. Secondly, there 
is a very high correlation between the NS spleen weight or 
the nonlimiting spleen weight and the Limited spleen weight 
produced by L6 PBLs incubated with A6 serum, the spleen 
weight produced by L7 PBLs incubated with A7 serum, and the 
spleen weights produced by Fl PBLs incubated with A6 and A7 


serum (Figure 20, lower line, b = 1-07, r = 0-813, p<0.001 ). 
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The mean embryo spleen weight for each donor whose PBLs are 
incubated with NS or the nonlimiting serum differs 
Significantly from the mean embryo spleen weight of that 
donor's PBLs after treatment with the Limiting serum (ie. 
AGxXL6, ATXL7, AGXF1, ATxF1). The correlations show that 
difference between the effects of A6 and AJ serum is 
effectivety independent of fortuitous variaticns in the Gv 
spleen weight under the conditions of these testse The 
differential limitation of GvH spleen weight, then, is a 
reliable measure of the correlation between the Limiting and 
nonlimiting effects of antiserum on the spleen weight of 
PBLs obtained for each donor. 

E) Classification of an F2 population: PBLs obtained 
from 101 F2 progeny produced in three separate hatches from 
the same breeding stock of Fl, L6xL7 chickens were incubated 
with A6, A7, and NS and typed according to the differential 
limitation of GvH spleen weight into three classes, L6-typey, 
L7-type, and Fi-type. Division points were established 
between these classes before the F2 tests were done by div- 
iding the differentiat limitation for L6 and L7 PBLs into 
three parts, one-quarter being assigned to the L6-type, one- 
halt to the Fi-type, and one quarter to the L7-typee The 
mean differences for L6, L7, and Fi chicken donors are 
02523402043, —0.51740-052, and 0213940.050, respectively 
(Table IX)-e The first division point (0.263) therefore, 
separates those donors whose PBLs were Limited only by A6 


serum from those donors whose PBLs were Limited by both A6 
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and A7 serume Similarly, the second division point (-0.257) 
separates those donors whose PBLs are limited by only A7 
serum from those whose PBLs are Limited by both A6 and A7 
serume The classification of F2 donors on this basis 
resulted in the identification cf the following frequency 
distributions of L6é—-, Fi-, and L7-types for the first natch- 
12:16:4, the second hatch-6:24:2:16, and the third hatch- 
4:12:7. The total distribution frequency then equaled 22 
chickens which were classified as the L6é-type, 52 as the Fi- 
type, and 27 as the L7i-type (Figure 21). This distribution, 
as well as the distributions obtained tor each of the 
different hatches, does not differ from the Mendelian 
expectation for a system of two antigens encoded as atileles 
at a single genetic locuse This result affirms the validity 
of setting division points to classify the donor line type 
and also strongly implies that this is a new and distinctive 
tocus for determining lymphocyte alloantigens. This tocus 
is designated Ly-4 and the alleles are Ly-42 for L6é-type 
chickens and Ly-42 for L7-type chickense 

The identification of three separate populations in an 
F2 population can aiso be examined using a probability 
e@raphe If there is one population the graph will show a 
straight line, if two a sigmoidal line, and if three a 
doubly infiected Linee The probability graph presented in 
Figure 22 shows that this F2 population is really composed 
of three populationse A population made up of the data 


obtained for the L6 and L7 chickens (Table IX) has been 
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superimposed on the graph to indicate the identity of the 
Lé-type and Li7-type subpopulationse The probability graph 
also indicates that the division between L6-type and Fi- 
type, F2 chickens is too far to the righte This implies 
that the Mendelian distribution obtained in Figure 21 is 
most Likely incorrect and should be adjusted by shifting the 
division points toward the center. This correction though 
is immaterial since the Mendelian distribution served the 
purpose of establishing the tikelihood of finding three pop- 
ulations in the F2 which is the main point confirmed by the 
prokhability graphe None of these tests allows one to be 
definite about the individual genotype of an F2 chicken 
because this question can only be satisfied by testing their 


progenye 


{ie The Ly-4 and Ih-l Antigen Systems 

The alloantisera usea to describe the Ly-4 system were 
produced by reciprocal immunizations of L6 and L7T chickens 
with whole bloode Other alloantisera have been produced by 
reciprocal immunizations between L63 and L72 with thymus or 
with bursa cells (Gilmour et gate 1976). These are known as 
anti-Th-1 (A6Th and A7Th) and anti-Bu-1 sera and the 
antigens belong to the systems known as Th-i and Bu-ty, 
respectivelye A6Th and A7Th sera were used to limit the GvH 
spleen weight of embryos inoculated with PBLs obtained from 
8 F2 Lé-type (Ly—-4-1/Ly—-4-1) and 10 F2 Li-type (Ly—4-2/Ly- 


4.2) chickens to determine whether the Th-1 and Ly-4 antigen 
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systems are identical. Parental L6 PBLs were Limited only 
by A6Th serum and parental L7 PBLs were Limited only by A7Th 
Serubie Assuming that the Th-1 and Ly-4 are identical 
antigen systems, only A6Th serum should be able to Limit the 
GvH spleen weight evoked by PBLs of the L6é-type and only 
A7Th serum should be able to Limit the GvH spleen weight 
evoked by L-7 type PBLse The results of these tests in this 
selected FZ population are presented in Table X according to 
their putative genotypes based on the differential 
limitation of GvH spleen weight produced by the two pairs of 
antiserae These results show that 5 of the 8 Ly-4-1/Ly-4-1 
chickens carried both Thn-l antigens and 4 of the 10 Ly- 
4e.2/Ly-4.-2 chickens carried both Th-1 antigense These 
results indicate that these two antigen systems are not 


identical. 


Iflie The Ly-4 and B Alttoantizgen Systems 

A6 and A7 sera were used to Limit the GvH spleen weight 
of embryos inoculated with PBLs obtained from 9 F2 chickens 
homozygous for the B* allele and from 7 F2 chickens homo- 
zygous for the B!* atlteie to determine whether the Ly-4 and 
B antigen systems are identicale These progeny were hatched 
from Fits derived from parents of L6-type B*/B? chickens and 
Bpit/pt* chickense These F2 chickens were not specifically 
produced for this experiment but were used to test the 
question of whether these antigens are identical. If these 


antigen systems are identical, then A6 serum should limit 
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the GvH spleen weight evoked by PBLs from the F2 chickens 
carrying the B?- allele. This was not the case, however. 
Four chickens carried both antigens of the Ly-4 system 
(Table XI) and the origin of the L7-type antigen identified 
in these F2 B*/B? chickens could only have come from B!* 
parentse These results suggest that the two systems of 


antigens are not identical. 


IVe Marek's Disease 

Parental L6 and L7 chickens were infected with MDV at 
hatchinge At weekly intervals these birds were bled and 
their Lymphocytes were inoculated into veins of 12-day 
embryos of tne same B genotypee The presence of the virus 
in the inoculum is revealed by the development of focal 
lesions on the CAM (Longenecker et ale, 1975). Blood cetls 
from L6 chickens were tess effective initiators of viral 
lesions than blood cells from L7 chickens after 4 weeks of 
exposure to MDV (Figure 23 )e F2 progeny of L6xL7 parents 
were tested in the same manner at ages of 4 to 7 weekse The 
L6-type were Less effective than the L7-type (Fisher's exact 
test, P = 0-033, Table XII)-e The mean number of virally 
induced in ovo lesions (VIC) per 0-1 mt of diluted blood 
obtained for the group of 10 MDV-infected Lé-type chickens 
was 50% lower than the VIO tesions obtained after injections 
for the group of 4 MDV-infected L7-type chickens (logio 
VIO+tSE for L6-type was 0.70240.044 versus 1.022+0.068 for 


the L7-type).e This association was tested further by 
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exposing Loé-type and L7-type chickens of an F3 generation to 
MDV-infected chickens at hatchinge Table XIi identifies the 
number of F3 Lé-type and L7-type chickens that survived 
during the 3 month exposure to MDV without visible signs of 
MD (row 1), those that died during the 3 month period 
without MD Lymphomas (row 2), and those that developed MD 
(determined by the presence of Lymphomas) and died (row 3). 
Tnese classifications were mutually exclusivee These 
results indicate that chickens which carried the L6é-type 
antigen were less susceptible to the development of MD 
lymphomas than those that carried the L7-type antigens 
(Fisher's exact test, P = 0.029). If these type of results 
can be verified in larger sample populations than those 
represented here, it could mean that the new antigen system 
may be associated with a genetic system which confers the 
Marek's insusceptibility to L6é-type chickens and the sus- 


ceptibility to L7 chickense 
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Previous studies have shown that one of the antigens of 
the B system is associated with a relative resistance to 
Marek's disease (Hansen er ale, 1967; Brewer et ale, 19693 
Briles and Oleson 1971; Hansen et ale, 19673; Lengenecker 
et ale, 1976). MD is a naturally eccurring, oncogenic 
disease of juvenile chickens for which the aetiological 
agent is the MDV. its counterpart in humans may be the 
disease referred to as Burkitt's Lymphoma. In subsequent 
studies this antigen (B“!) has been found in high frequency 
in survivors of several unrelated populations of chickens 
exposed to MD, in genetically selected MD resistant Lines of 
chickens, and in representatives of the Red Jungle fowl, the 
progenitor of the chicken species (Pazderka et ale, 19753 
Longenecker et ale, 1976). Tne probabtie adaptive value 
ccnterred by this gene system provided the basis for the 
search for other Lymphocyte antigen systems which might be 
co-inherited with differences in susceptibility to MDe 
Lines 6 and 7 were utilized in this study on the basis of 
the following information: 1) these Lines were selected, 
inbred, and maintained at the East Lansing Poultry Research 
Laboratory for differences in susceptibility to avian 
lymphoid Leukosis (Waters 1954; Stone 1975); 2) they are 
homozygous for the same B allele (Pazderka et ale, 
1975b);3 and 3) they differ markedly with respect to their 
susceptibility to MD, Lo is highly resistant and L7 is 


highly susceptible (Crittenden et ale, i972; Stone 1975). 
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Repeated immunizations of each Line with peripheral 
blood cells of the other Line produced antisera reactive 
against peripheral blood cells. Initially, both the cyto- 
toxicity and allofixation assays were used in attempts to 
type lymphocytes with the alloantisera but these assays were 
relatively insensitive. Lymphocytes of each line were then 
incubated with antisera in vitro and the GvH reactivity of 
tnese cells was then measured. incubation with alloantisera 
had no etfect on the number of CAM pocks evoked by PBLs but 
it had a profound effect on GvH splenomegaly. The 
ditferences in sensitivity of the two assays may mean that 
inhibition of the CAM assay requires the destruction of 
donor PBLs but inhibition of GvH splenomegaly may only 
require coating of the PBLS with antibodye Antibody—-coated 
celis may fail to reach the embryo spleen by being trapped 
in other parts of the vascular system, an adherence phenom- 
enon perhaps comparable to atlofixation in vitroe The 
mechanism for this effect is not knowne I concentrated on 
application of the inhibition of GvH splenomegaly as a 
method of typing lymphocyte antigens. 

Antisera, A6 and AJ, were used at concentrations of 
1:50 to 1:250 which limited the GvH splenomegaly of an 
inoculum of 5x105 ceils to about one third of that obtained 
with normal serume A6 did not Limit the GvH reactivity of 
L7 PBLs nor did A7 Limit the GvH reactivity of L6é PBLs. 
This effect then clearly shows the ability of the antisera 


to discriminate between Lymphocytes of each type of donor 
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line but this was not quite the case for the discrimination 
between the origin of the cell types, iee Th- or Bu-type 
lymphoid cells. The serum activity was completely removed 
by absorption with PBLs and spleen lymphocytes, partially 
removed by absorption with thymus cells, and not removed 
with bursa cells or with erythrocytese These results 
indicate that the antisera appear to identify antigens which 
may be shared by lymphocytes of the thymus and spleen but 
are absent from lymphocytes of the bursa and from erythro- 
cytese The antisera appear to be biocking the reactions of 
tymphocytes associated with the generation of a Th cell 
function, namely the GvH splenomegaly reactione These 
results also indicate that this antigen system is inde- 
pendent, in expression from those of the Ay By and C systems 
whose antigens are found on erythrocytes as well as ltlympho- 
cytes and is independent of those antigens associated with 
the Bu-1 system (Gilmour et al e, 1976) since bursa cells 
were incapable of removing the antilymphocyte activity in A7 
serume These results, though, do not show that the antigen 
system is genetically independent from the A, B, C, and Bu-i 
antigen systemse 

L6 and L7 chickens also differ markedly with respect to 
their cellular immunocompetencee L7 PBLs induce 3 times as 
many CAM pocks per unit volume of blood as L6 PBLs (Pazderka 
et ale, 1975b)- Initially, this was not regarded as an 
important factor in the selection of these lines but it 


became an important factor when the antisera were utilized 
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to follow the inheritance of these new antigens in F2 
progeny by the limitation of GvH splenomegaly. Studies of 
the inheritance of strong and weak GvH reactivity in the CAM 
pock assay have indicated that inheritance of the strength 
of the reaction foltows the inheritance of the B antigen in 
F2 progeny (Longenecker et ale, 1972). As yet no evidence 
is available to show that differences in the GvH reactivity 
observed for L6 and L7 will be co-inherited with the B 
antigen since both are homozygous at the B locus for the 
same allelee In order to resoive the possible interaction 
of the different sensitivities in the GvH reactivity of F2 
progeny, the GvH spleen weight obtained following treatment 
of donor cells with A6 serum was subtracted from the GvH 
spleen weight obtained follewing treatment with A7 serum. 
This diit#¥erence proved to be much more consistent than 
comparisons of the absolute spleen weight after antiserum 
treatment and had the additional value of proving that the 
typing procedure does not depend on a narrow range of GvHi 
reactions and are largely independent of the donor's 
intrinsic GvH competencee 

The GvH spleen weight evoked by L6 PBLs was sensitive 
to A6é serum, that evoked by L7 PBLs was sensitive to A7 
serum, and that evoked by Fil lymphocytes was sensitive to 
both antiserae it is not practical to attempt to dis- 
tinguish L6 from Fi PBLs by A6 serum treatment or to 
distinguish L7 from Fi PBLs by A7 serum treatments The 


easiest way to categorize the three types of PBLs is to 
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subtract the result associated with the A6 serum sensitivity 
from that associated with the A7 serum sensitivitye With 
PBLs from donors of the Fi this difference is zero, of the 
L6 it is a large positive number, and of the L7 it is a 
large negative number. Thus, taking the difference between 
the two treatments with antisera which is the most consis- 
tent measure of the GvH spleen weight is also the most 
categoriale 

A6& and AJ serum were used to categorize an F2 popula- 
tion as a test of the possibility that the differential 
effects on L6 PBLs and L7 PBLs are due to a pair of allelese 
In order to do this it was necessary to set arbitrary limits 
for the three categories (L6-type, L7-type, and Fi-type) 
prior to performing the testse In tne F2 population 22 were 
categorized as L6-type, 52 as Fi-type, and 27 as L7-type. A 
probability graph however, confirmed the existence of three 
populations, but aiso showed that one of the pre-set 
divisions between categories is probably incorrect, iee the 
division point separating L6é-type F2 chickens from the Fi 
type is too far to the right. On the basis of these results 
it appears that L6 donors are homozygous for a gene desig- 
nated Ly-42, that L7 donors are homozygous for its allele Ly 
-4P, and that both alleles are transmitted in a conventional 
manner e 

The antigens of this system appear to be independent of 
the antigens of the B and Th-1 systems (Tables X and XI )e 


More importantly, they may be associated with a differential 
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susceptibility to infection by MDV and a differential 
susceptibility to MD (Table XII). If soy the Ly-4 system of 
the chicken is the second lymphocyte antigen system to be 
associated with differential susceptibility to a herpesvirus 
induced lymphoma. The first was the 3 system of the 
chickene The implication of the association of Lymphocyte 
antigens as markers of differential susceptibility to a 
herpesvirus induced Lymphoma should reinforce the search for 
such markers in the chicken and in humans and it may 
ultimately assist our understanding of the molecular basis 


of susceptibility and resistancee 
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able 1, The Effect of Substituting Normal Pheasant 
Serum for Normal Chicken Serum on the Lympho- 


C¥te Adherence of Thymus and Bursa Cells 


Source SOUCCS Oe Presasin Seiweunn 


PeMwieo me ot Att DOdy 

Mean ALATSE 

Incubation Time-60 Min, at 22° C, 
Livcubatcronmelame—20uMin. ate2. oO iC. 
Difterscwat p=-0.01l, ns not sigeniitieant 
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Eeapves ist. The: - Effect of the Addition of Normal 


Chicken Serum on the Lymphocyte Adherence 


of Thymus and Bursa Cells 


Source Diluent 


of MEM NCS 
Antibody DimeCedlis ..Bilimced Loo ele celts - int ee lee. 
ATS11:647  37,0+41.0 oe arlerGrn ten 


RESois 17,0+2.9 50.,3+0.S% 
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ABS71:16+ Deceit ome ma 69.842. 3% 


nPSti:64+ 4,040.4 6.3+1,1"° 


NPS71: 8+ 32.7+2.6 30,942,205 | 
¥ DiTution 

© Mean ZLA+SE 

PHiitcubatLom Vine-GO Min weate222 C. 

PRtcawecion Time 120 Mink at 22° Cc. 
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Table III, The Etfect@ of! PATS rand) PABS* on the Cyvil 


Immunocompetence of ey PBLs 


PercentiZ Reduction 


Pinatovoijupponts») 


EXP. cOuUrce of | 


No, Antiserum J} of Antiserum in CAM Sree 
l ATS 1:64 47 NA 33.9 | 
a Mana ne a A SEP) 
A 86.2 
2 ATS 12128 aM NA 91.5 
3 ATS ig62ete 1256 53 NAmooeo= 
4 ATS 1232 to 256 59-51 NA 56.92 
5 ATS 1:16 to 1:128 35-29 NA 78,47 
6 ATS Ee8 to 1:32,768 "5020 NA 54,54 
fac eects tT Se Ey BONE Salen ey ae 
oT ATS ie 4uton is 12 59-21 NA 75,3? 
Se a 
8 ABS dco 5 NA O 
9 ABS 1:8 to 1:256 hee NA 53.12 


A-Adherent PBLs, NA-Non-adherent PBLs 

+ % Reduction=(Mean CAM pocks formed after incubation 
with antiserum + mean CAM pocks formed after 
Pncubativon with) NCs )x1L00 

1 % Reduction at 1:128 1295 Ole eC. C bal Orlae a ten tO. 

Reduceioncat 1sl26, Reduction at al2123 

5 Reduction at all dilutions 
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Table V. The Effect of Normal Pheasant Serum on the GvH 
Reactivity of Allogeneic B14/314 pgpis Measured 
in the Splenomegaly Assay of B2/3? Chick Embryos 


SSE SS ERLE: I SSS aE eS 2 SS PSS SS SS NE SSP a 


SCGree ci Final Dilvtion | MSW tech Statistical | 
jSerun __of Serun _logio_ng)_ Significance | 
NCS 1:100 1,82+0.04 = 
NPS 1:16 1.87+0.06 ns 
NPS 1:64 1, 827-0704 ns 
NPS LZ 065 1207-0805 ns 
PATS 1:2048 1G SORI0 4 p=0.001 
PABS 1:64 1.364+0.04 p=0.001 
NCS 1:100 Bp Oa nloe ——— 
NPS 1:8 1, 88+0.04 ns 
PATS 1:1024 1.20+0.04 p=0.001 
NCS 1:100 2.00+0,.06 -- 
NPS 1.8 188i0m 0 ns 
PATS | 1:1024 15970508 p=0.001 


Se PS TE ST a ES 


MSW Mean Embryo Spleen Weight 
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Table VI, The Effect of Washing the PBLs after 


Treatment with PATS and PABS on the GvH 


Reaction 


Source of 


Dilution of MSW + SE 


Serum 


Serum (logi9o me) 


100 1,79+0,05 [11] 
8 18240507) 110) 
8 1.89+0.07 [8] 
32 1,06+0,04 [10] 


1,09+0.04 [10] 


8 0f59 7107, Osho) 
(W) 8 Ae, 017-0703 911.03) 


MSW Mean Embryo Spleen Weight 
(W) Washed after Treatment with Serum 


{ }] Number of Embryos 
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Table Vit.w The Effect of Changes in the Temperature and/or 


the i ime of im Vitro sin cubatdonwwith AG sand Az 


Sera on the GvH Reactivity of L6 and L7 PBLs 


Antiserum 


Incubation 


Con dal Gasonsm or: 


MSW + SE 


1 =6(iogio mg) 


NS 22°C 60 Min eos 0 e135 (10) 

Lad A7 22°C 60 Min 1.214+0.06(12)% 
A7 4°C 20 Min 1.274+0.08(10)* 
NS 22 C. 6On Min ZT tO OK OD 
AT 22°C 60 Min 1.544+0.04(12)*] 

iby A7 22°C 60 Min.[W]  1.58+0.04(12)*} 
A7 4°¢ 20 Min 1.504+0.03(13)* 
A7 4°C 20 Min.[W]  1.60+0.05(13)*] 
NS 29°C 60 Mins deve 2-+ One? (eo) 

L6 A6 22°C 60 Min. 1.224+0.05(11)* 
A6 626 200Min. 1.06+0.04(11)* 


MSW Mean Embryo Spleen Weight (Random Bred Embryos) 


(w) PBLs Washed after Incubation 


( ) Number of Embryos 
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# 


and A/ Sera on the 
GVH Reactivity G6f)uo6 and l/) PRUs in) the 
CAM Pock Assay 


Serum Treatment# 


A6 


0.89+0 23407 (Ld oe .20(10)+ 


0.81+0 P20 4 (12) + 07 .18(12)+ 


Osa 2eNeh ely) Oy ocr 
0.46+0.16¢11) 0. elie 


Mean logj0 Pock Count/Membrane 


( ) Namber of Embryos 
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Means Do Not Differ Significantly from NS Group 
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Table IX. Limitation of GvH Spleen Weight by Antisera 


Serum 
I Lt Jat ewe LUE S Difference: 
ust —_— seo an AT III-11 
Donor Cells Test 1. °1.942 + 0.103(10) Te HSI 0.068 (10) 41.931 + 0.081(10) +0. 396 
725 S609 O26 (9) pelea tone 0.050(11) eNO 24 2 Ont2 C9) +0.708 
Parental] S}e °1.634 + 0.099(10) Sega 0.026(13) “1.686 + 0.077(12) +0. 522 
L6 Ae eke S510). O7i7,(110) Se LeU n OOS CO) “1.830 + 0.097(11) +0.453 
5. -*1.845 + 0.048(11) SL eee 0.030(12) 41.915 + 0.092(10) +0.643 
6. *1.564 + 0.060(11) Silly as 0.043(11) “1.620 + 0.042(11) +0. 432 
Ife *1.844 + 0.063( 8) “1.410 + 0.063( 9) 41.914 + 0.066(10) +0.504 
Mean 1.784 ea2ou 1.817 +0. 523 
Test 8. °1.822 + 0.145(10) “1.693 + 0.127( 9) Sez 7 Sats On ORO CLO) -0.418 
9. eS 77s Ost 25\(2)) “2.093 + 0.118(11) SLA 2S WAAR) -0.646 
Mi CSO <2 WoO i) — SAAGILS ES WOOLEN ED) aL) = Wen OSGlO) -0.562 
TAS 60950 0).0 77/3) 41.692 + 0.106(11) 91.221 + 0.048(12) -0.471 
Parental Ho, “ilag/sey 2s (lallotsnqlaly) 41.844 + 0.1061(12) S146) = O07 C13) -0.368 
L7 132 «*1-796-+ 0.027(10) “1.770 + 0.050(10) 41.382 + 0.023(10) -0.388 
14. *2.207 + 0.028(10) “2.199 + 0.039(10) “1.606 + 0.048(11) -0.593 
15. ¥*2.276 + 0.046(10) 42.237 + 0.044(11) 41.584 + 0.056(12) -0.653 
16. ¥*1.905 + 0.049( 9) “1.907 + 0.046(11) 41.357 + 0.044(11) -0.549 
Tye *2-203) 20.050 G1) “2.205 + 0.065(10) “1.682 + 0.057(12) Qe 523 
Mean ——_—si1.964 ; 1.905 1.458 -0.517 
Fl Test 18. °2.089 # 0.155( 9) 41.604 + 0.175( 8) 41.794 4 0.124( 9) -+0.192 
L6 x L7 19. °1.933 + 0.077( 8) 41.521. + .0.131( 9) 41.610 + 0.119(10) +0089 
Mean 1.817 ee 1.562 1.702 +0.138 
+ Measurement of mean spleen wt (10819 mg) + SE 4 1:50 Antiserum concentration 
GVHR measured in outbred chick embryos 41:100 Antiserum concentration 
x GVHR measured in Bye chick embryos 0 1:250 Antiserum concentration 
— differs at p = .01 from normal serum group 
-- differs at p = .05 from normal serum group 
Anzlysis of Variance L6 L7 Fl 
a) for tests Tee e een tarenons: F a2,2298 
6,197 ean 9,288 AEE 1,47 AY 
b) for sera oye Fo 2897t37-7 th ates 
c) for interaction Fos Fig,ogg"!-16 Fy 4779-00" 
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Table X. Distribution of Th-1 Genotypes in F2, Ly-4 


Homozygous Chickens 


Genotypes 
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Genotypes 


fa 
12) 
ct 
> 
bh 
10) 
oo 


10 


| 


ly—-4- corresponds to Ly-4.4]/Lly=4. 1 Phenotype 
Lty-45. corresponds to Ly-4,2/ly—-4.2 Phenotype 
Tho corresponds toeln- i, 1/ Tho Tethenorype 
Th-12 eorresponds to Th-1.2/Th-1.2 Phenotype 
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Table XiIl. Marek's Disease Susceptibility of L6-Type 
and LJ=Type F2 and/ 3 Chickens 


VIO. (CAM Lesions Ly-4.1/Ly-4.1 Ly-4.2/Ly-4.2 


LESS Wns LW 


Per 0.1 ml Blood Ne - 
F2 
More Than 20 l 3 
Pete. ml Blood 
hashemess Exact lest.) 2 5=).0. 053 
Survived without 
Lymphoma 8 S 
Death 4 14 E3 
Death with 6 32 
Lymphoma 


re 


Fisher's Exact Test: For Death, P = 0.003 
For Lymphoma, P= 02029 


X2 For Death and Lymphoma, 10.6, p<0.005 
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Figure le 


Figure 2. 


The lymphocyte adherence (LA) of thymus cells 
measured 60 minutes after incubation with varying 
concentrations of PATS in vitro at 229 C. Four 
different experiments are presented and each 
point is the mean of two testse The upper 
horizontal dashed line represents the mean LA of 
Bu cells incubated with the varying concentra- 
tions of PATS. The lower horizontal solid Line 
represents the mean LA of Th cells incubated with 


a 1:8 dilution of NCSe 


The tympnocyte adherence (LA) of bursa cells 
measured 120 minutes after incubation with 
varying concentrations of PABS in vitro at 22° c. 
Two different experiments are presented and each 
point is the mean of two tests. The upper solid 
horizontal line represents the mean LA of Bu 
cells incubated with a 1:8 dilution of NCS. The 
Lower horizontal dashed Line represents the mean 
LA of Th cells incubated with the varying 


concentrations of PABS. 
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Figure Ge 


Figure 4. 


The effect of varying time of incubation on the 
LA of Th ceils incubated with PATS and NCS at 229 
Ce The slope of the regression line (b) is 
linear (p<0.001) between the intervats of 30 and 
120 minutes of incubatione The LA of Th cells 
diftered significantly with time of incubation 


(p<0-001). 


The effect of varying time of incubation on the 
LA of Bu celts incubated with PABS and NCS at 229 
Ce Each point represents the mean of three tests 
for LAe The stope of the regression line (b) is 
linear (p<0.001) between time intervals of 15 to 
120 minutes. Tne deviations from Linearity are 
nonsignificant (p>0.50). The percent LA of Bu 
cells differed significantly with times of 


incubation (p<6.001 ). 
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Figure 5ae 


Figure 5be 


The effect of varying time and temperature of 
incubation the on LA of Th celis incubated with 
a 1:32 dilution of PATS. Each point represents 
two tests for LA of thymus cells incubated at 
22° C and 389 C. The LA of Th cells varied 
Significantly with time (F539 = 656, p<0.001 ) 
and the regression lines are Lineare The LA of 
Th cells incubated at 38° C was significantly 


higher than those incubated at 22° C. 


The etfect of varying time and temperature of 
incubation on the LA of Th cells incubated with 
a 1:64 dilution of PATS. The LA of Th cells 
varied Significantly with time (p<0.001) and the 
regression Lines are Linear. The LA of Th cells 


was higher at 389 C than at 229 c. 
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Figure 6. 


The distribution of 


Th and Bu antigens on 


lymphocytes obtained from the thymus and bursa of 


newly hatched to 56 
represents the mean 
The distribution of 


from the thymus and 


day-old chickse Each point 
LA of tests from two donorse 
Th antigens on lymphocytes 


bursa are represented on the 


LA of Tn celts incubated with PATS (O) and Bu 


cells incubated with PATS (a) for 60 minutes at 


229 Ce. The distribution of Bu antigens on lym- 


phocytes from the bursa and thymus are represent-— 


ed by the LA of Bu cells incubated with PABS (A) 


and Th cells incubated with PABS (@) for 120 


minutes at 229 Cc. 
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Figure Jae 


Figure Tbe 


The effect et varying time of incubation and 
size of the reaction tubes on the LA of PBLs 
incubated with PATS at 389 Ce. The concentration 
of cells, serum, antiserum, and medium added to 
the large tubes (17x100 mm) was 5 times the 
amount added to the small tubese Each point 
represents the mean of three tests for groups 
incubated in Large plastic tubes with a total 
volume of i mt and those incubated in smatli 


glass tubes with a total volume of 0-20 ml. 


The effect of varying time of incubation and 
size of the reaction tubes on the LA of PBLs 
incubated with PATS at 229 C. The tests were 
performed in exactly the same manner described 


abovee 
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Figure 8e 


The GvH reactivity of allogeneic B!*/B!* PBLs 
after incubation with PATS and NS measured in the 
splenomegaly assay of B?/B* chick embryose Each 
point represents the mean spleen weight (MSW) of 
8 to 12, chick embryos inoculated with 3x10° PBLs 
after incubation with antiserum in large plastic 
tubes in a volume of 1 mle Tne upper solid and 
dashed horizcntal lines represent the GvH re- 
activity (MSWtSE) of PBLs after incubation with 
PSe The lower solid and dashed lines represent 
the MSWtSE of uninoculated chick embryos. The 
dilution curve is Linear (p<0.001) and 
nonsignificant for deviations from Linearity 
(p>0.025) at the PATS concentrations of 0.0697 to 


0.00012. 
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Figure Qe The GvH reactivity of B1!1*/B1* PBLs after incuba- 
tion with PATS at varying time intervals in 
large and small culture tubese The closed 
circles represent the GvH reactivity of 3x10° 
PBLs after 15, 30, 45, and 60 minutes incubation 
with the antiserum in smatt glass tubes (S) with 
a volume of 0-2 ml and at a temperature of in- 
cubation of 49 C. The open circles represent 
the GvH reactivity of 3x105 PBLs after 15, 30, 
45, and 60 minutes incubation with the antisera 
in large plastic tubes (L) with a volume of 1 ml 
and at a temperature of incubation of 49 C. The 
points connected with the solid Line were the 
results obtained after incubation with a 1:128 
dilution of PATS and those connected by the 
broken lines with a 1:31024 dilution of PATS. 

The upper solid horizontal Line represents the 
MSW of PBLs treated with NS (control group). 

The loss of GvH reactivity after PATS treatment 
was not altered by a change of the tube's size 
(p>0.75) but was significantly altered by time 
of incubation (15 minutes was not as effective 
as 30 minutes, p<0.001) and by the dilution of 
PATS used (1:128 reduced the GvH reactivity more 


than 1:1024, p<0.001). 


100, 


50_ 


MES (mg) 


POZE 


Figure 9 
NCS 
x 
aN 
. PATS 1:1024 
Ne Ses ee 
o-—— a 
: 
S 
PATS eiet2s 
e ic Tubes 
o 'L Tubes 


30 6'0 90 
Time of Incubation 
(Min, 


85 


Bj 


ae 


86 


Figure 10. 


The GvH reactivity of allogeneic B'*/B!* PBLs 
after incubation with PABS and NS measured in 
the splenomegaly assay of B*/B? chick embryose 
The closed circles represent the MSW of 8 to 12 
chick embryos inoculated with 3x10°5 PBLs after 
incubation with antiserum in large glass tubes 
in a volume of i mte The upper solid and dashed 
horizontal tines represent the GvH reactivity 
(MSW4SE) of PBLs after incukation with NSe The 
tower solid and dashed horizontal tines repre- 
sent the MSWtSE of uninoculated chick embryos. 
The dilution curve is linear (p<0.001) and 
nonsignificant for deviations from Linearity 
(p>0.-10) at the PABS concentrations from 0.062 


to 0.000439. 
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Figure 11. 


Experiment 1e The GvH reactivity of allogeneic 
B1*/B1* PBLs after incubation with PATS absorbed 
with B?/B? Th, Bu, or RB cells measured in the 
splenomegaly assay of B*/B* chick embryose The 
bars of the histogram represent the MSWtSE of 
chick embryos inoculated with 3x10°5 PBLs after 
incubation with absorbed PATS in the concentra- 
tions of 12128 (A), 12256 (B), or 12512 (C) 
dilution. The incubation of PBLs with the 
absorbed antiserum was performed at 49 C for 30 
minutese Six types of PATS were used: PATS 
unabsorbed (UA) and PATS absorbed once (1) or 
twice (II) with either Th, Bu, or RB celtse The 
upper solid and dashed horizontal Line represent 
the MSWtSE of chick embryos inoculated with 
3x105 PBLs incubated in the absence of anti- 
serume UI is the MSWtSE of uninoculated chick 
embryose The solid square indicates a signifi- 
cant increase of the MSW (p=0.05) over that of 
the MSW of chick embryos inoculated with PBLs 
incubated with PATS absorbed twice with RB 
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Figure 12.6 


Experiment 2. The GvH reactivity of allogeneic 
B1*/B1* PBLs after incubaticen with PATS absorbed 
with B°/B? Tn, Bu, or RB cells measured in the 
splenomegaly assay of B?/B? chick embryose The 
bars of the histogram represent the MSW+SE of 
chick embryos inoculated with 3x10°5° PBLS after 
incubation with absorbed PATS in the concentra- 
tions of 1:2:128 (A), 1:256 (B), or 1:°2512 (C) 
dilutione The incubation of PBLS with the 
antiserum was performed at 4° C for 30 minutes. 
Six types of absorbed PATS were used: PATS was 
absorbed once (I), twice (II), or three times 
(i1Ii) with either Th, Bu, or RB cellse The 
upper solid and dashed horizontal line represent 
the MSWtSE of chick embryos inoculated with 
3x105 PBLs incubated in the absence of anti- 
serume Ui is the MSWtSE of uninoculated chick 
embryose The solid square indicates a signifi- 
cant increase of the MSW (p=0.05) over that of 
the MSW of chick embryos inoculated with PBLs 


incubated with PATS absorbed twice with RBCse 
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Figure 13. Experiment 1. The GvH reactivity of allogeneic 
B!4/5B!* pBLs after incubation with PABS absorbed 
with B?/B* Th, Bu, or RB cells measured in the 
splenomegaly assay of B*/B? chick embryos. The 
bars of the histogram represent the MSWtSE of 
chick embryos inoculated with 3x105 PBLs after 
incubation with absorbed PABS in the concentra- 
tions of 1:32 (A), 12128 (B),y and 1:256 (C) 
dilutione The incubation of PBis with the 
absorbed antiserum was performed at 4° C for 30 
minutese Three types of PABS were used: PABS 
absorbed twice (II) with either Bu, Th, or RB 
cellse The upper solid and dashed horizontal 
Line represents the MSWtSE of chick embryos 
inoculated with 3x10°5 PBLs incubated in the 
absence of antiserume UI is the MSWtSE of the 
uninoculated chick embryose The solid square 
indicates a significant increase of the MSW 
(p=0.05) over that of the MSW of chick embryos 
inoculated with PBLs incubated with PABS 


absorbed twice with RBCs. 


II Bu 


Figure 13 


II RBC 


93 


og ee 
ache iN el hen 
ae paws oO@ 


— = --. | a << Gh" Gie-F S 


Bean _ 


94 


Figure 14. 


Experiment 2 The GvH reactivity of allogeneic 
Bi*/pl* PBLs after incubation with PABS absorbed 
with B?/B2 Th, Bu, or Rb cells measured in the 
splenomegaly assay of B“/B*® chick embryose The 
bars of the histogram represent tne MSWtSE of 
chick embryos inoculated with 3x105 PBLs after 
incubation with absorbed PABS in the concentra- 
tions of 1:64 (A), 12128 (B), and 12256 (C) 
dilutione The incubation of PBLs with the 
absorbed antiserum was performed at 4° C for 30 
minutese Five types of PABS were used: PABS 
absorbed once (1) or twice (II) with either Bu, 
Th, or RB cellse The upper solid and dashed 
horizontal line represent the MSWtSE of chick 
embryos inoculated with 3x10°5° PBLs incubated in 
the absence of antiserum. UI is the MSWtSE of 
uninoculated chick embryose The solid square 
indicates a significant increase of the MSW 
(p=0-05) over that of the MSW of chick embryos 
inoculated with PBLs incubated with PABS 


absorbed twice with RB cells. 
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Figure 15. The GvH reactivity of inocuta containing L6 or 
L7 PBLse Dilutions of whole blood were injected 
into 12-day chick embryos (random bred)e This 
produced an increase in the mean embryo spleen 
weignt (MSW) which was directly related to the 
number of cells inoculated. Both types of PBLs 
gave a response nearly identical to one another 
and they are represented in a single curve. The 
middle segment of the curve is Linear ( p<0.001) 


and the slope refers to this regione 
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Figure 16-6 


The Limitation of GvH splenomegaly is directly 
related to the concentration of antiserum in 
which the PBLs are incubated. The upper line 
(b,g ATXL7T = -0-779), two experiments that were 
pooled together, shows the decrease in mean 
embryo spleen weight (MSW) with an increase in 
the concentration of A7 in which L7 PBLs were 
incubatede The lower Line (by A6xL6 = —-0.-700), 
two experiments that were pooled together, shows 
the decrease in mean embryo spleen weight with 
an increase in the antiserum concentration of A6 
in which L6 PBLs were incubatede The vertical 
bars indicate the standard errors for each meane 
Tne upper two points at the left margin (0%) 


represent tne spleen weights of embryos inoc- 


ulated with L7 or L6é PBLs incubated with NS- 


The lower two points at the left margin (0%) 
represent the spleen weights of uninjected 
embryose The means and standard errors were 
obtained aiter transformation to logige The 
middle portion of each curve is linear (p<0.001) 


and the slope refers to this region. 
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Figure 17. 


The GvH reactivity of L6 PBLs after pretreatment 
in vitro with A6 serum absorbed with 2x108 L6 
PBLs/ml, L6 RBCs/ml, L7 PBLs/ml, or L7 RBC/ml. 
The last group (UI) represents the spleen weight 
of uninjected outbred embryose The upper solid 
and dashed horizontal tine represents the mean 
responsetSE of L6 PBLs pretreated jn vitro with 
normal serume The solid square indicates a 
significant increase (p=0.05) in the MSW of 
those embryos that were inoculated with L6 PBLs 
after pretreatment with the absorbed antiserum 
compared with the MSW cf those chick embryos 
inoculated with L6 PBLs incubated with antiserum 


absorbed with L6é RBCs. 
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Figure 18. 


Tne GvH reactivity of L7 PBLs after pretreatment 
in vitro with A7 serum absorbed with 2x108 L7 
PBLs/ml, L7 RBCs/ml, L6 PBLs/ml, or L6 RBCs/ml. 
The tast group (UI) represents the MSW of 
uninjected embryose The upper solid and dashed 
horizontal Line represents the mean response of 
L7 PBLs pretreated in vitro with NS. The 
greater variation represented by the standard 
errors in Figure 17 as compared to Figure 18 
eccurs when random bred embryos are used for 
inoculatione The solid square indicates a 
Significant increase (p=0.05) in the MSW of 
those embryos that were inoculated with L7 PBLs 
pretreated with the absorbed antiserum compared 
with the MSW of those chick embryos jnocutsred 


with L7 PBLs incubated with unabsorbed A7 serum. 
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Figures 19. 


The graph on the Left (Figure 19a) represents 
the GvH reactivity of L7 PBLs after in vitro 
pretreatment with A7 serum absorbed with 2x108 
L7 PBLs/mt, Th cells/ml, Bu cell/ml, or 
RBCs/mle The graph on the right (Figure 19b) 
represents the GvH reactivity of L7 PBLs after 
in vitro pretreatment with A7 serum absorbed 
with 4x108 L7 spleen (Spl), Th, Buy or RBCs. 
The upper solid and dashed horizontal tines 
represent the MSWtSE of embryos inoculated with 
L7 PBLs pretreated jn vitro with normal serume 
The solid square indicates a significant in- 
crease (p=0.05) in the MSW of those embryos 
inoculated with L7 PBLs after pretreatment with 
absorbed antiserum compared with the MSW of 
those embryos inoculated with L7 PBLs after 


pretreatment with unabsorbed antiserum. 
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Figure 20. 


The correlation between Limiting and nonlimiting 
GvH splenomegaly of L6, L7, and Fl PBis after 
incubation with NS, A6, or A7 serae The upper 
line represents the principal axis of correla- 
tion of the mean logjg mg embryo spleen weight 
(ordinate) evoked by PBLsS treated with non- 
Limiting antiserum (A6xL7 and A7xL6) with the 
mean logi9 mg embryo spleen weight evoked by 
PBLs treated with NS (abscissa)e The lower Line 
represents the principal axis of correlation of 
the mean logig9 embryo spleen weight (ordinate) 
evoked by PBLs treated with Limiting antisera 
(AGXL6, AGXF1, ATxF1, ATxL7)-e The mean differ- 
ence between these lines is 06476 which trans- 
formed from logi9 to the arithmetic, means that 
the Limited GvH spleens are one-third the size 
of the non-limited GvH spleense The upper line 
is based on 17 means (Table IX) and the Lower 
Line is based on 17 means for L6 and L7 and on 4 
means for Fi's. The slopes of these lines do 
not differ significantly from a slope of 1.0. 
None of the means for the limited GvH reactions 
overlap with those for the nonlimited GvH 


reactions at the same timee 
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Figure 21. 


A frequency histogram illustrating the distribu- 
tion of F2 chickens typed with A6 and A7 
antiserae The F2 chickens were categorized 
using the differential Limitation of GvH spleen 
weight (difference) represented on the abscissae 
The number of F2 chickens that fit into each 0.1 
units of the difference is represented on the 
ordinatee The observed mean for each class is 
Signified by the black arrowse The vertical 
lines indicate the location of the division 
points sorting this F2 population into three 
lymphocyte antigen types, from left to right 
(Li-type, Fi-type, and the Pema The means 
of the difference (differential Limitation) of 
the three classes differed significantly from 


one another (Fa3;9g = 317, p<0-001). 
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Figure 22. 


A probability graph of the distribution of F2, 
(L6xL7 parents), progeny typed with A6 and A7 
serae The differential limitation of the GvH 
spleen weight (ordinate, difference) for each F2 
donor was plotted against the cuimulative per- 
cent distribution of these donors (abscissa) 
ranking the lowest value of the difference as 1 
and the highest as 99-e The graph is designed 
Yor examination of 99 points therefore, the 
first 99 values of the difference from the 101 
tested progeny are represented heree If the F2 
population consist of enly one class of individ- 
uals the graph will show a straight line as 
indicated for the data by the dashed Linee If 
there are two classes the graph witl show a 
Sigmoidal line, and if three, a doubly inflected 
linee The graph of the F2 progeny shows a 
sigmoidal Llinee The mean difference for the F2 
L7-type, (putative Ly—-4.2/Ly-4e2), the Fi-type 
(putative Ly-4.i/Ly-4e2), and the L6é-type 
(putative Ly-4.e1/Ly-4.1) are shown by the arrows 
and arrow tips to the right of the Mean. The 
second sigmoidal line (above and below those of 
the F2) represent the approximate distribution 
for the parental L6é and L7 donors. The arrows 
Signify the location of the mean difference for 


these groupse 
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Figure 23-6 


Assay of MDV in the blood of parental L6 and L7 
donors infected with MDV at hatching. Each 
group of chickens were bled weekly and the blood 
(1:4 dilution) was inoculated into B?/B? 12-day 
chick embryose The mean number of MDV, CAM 
ltesions per 0el of inoculated blood (abscissa) 
was plotted against the age of the donorse The 
solid square represents a significant difference 
(p<O0.01) between the number of viral tesions 


formed on the CAM by L6 and L7 MDV blood cellse 
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